DOCOHBHT RBSOHE 



BD 092 335 
TITLE 

IHSTITOTION 
SPOHS AGENCir 



PUB DATE 
COWTRACT 
NOTE 

AVAILABLE FROM 



EDRS PRICE 
DESCRIPTORS 



08 



SB 016 921 



Air Pollution Technology: A Suggested Two-Yeat Post 
High School Curriculum. 

Santa Pe Coaaunity coll., Gainesville, Pla. 

Bureau of Adult, Vocational, and Technical Education 

(DHEW/OE) , Hashington, D.c. Div. of Vocational and 

Technical Education. 

C73) 

OEC-0-70-4932 
117p. 

Superintendent of Docuaents, 0. S. Governaent 
Printing Office, Washington, D. c. 20a02 

HP-$0.75 HC-$5.aO PLUS POSTAGE 

*Air Pollution Control; ♦Currlculua Guides; 

♦Environmental Education; *Environmental Influences; 

Pollution; Science Education; Technology; ♦Vocational 

Education 



ABSTRACT 

The purpose of this guide is to help school 
administrators and instructors in planning and developing new 
programs in the air pollution control field, or in evaluating those 
in existence, it contains course outlines for technical 
specialization courses as well as necessary basic science and 
coBJinunication courses. Also included are plans for laboratories and 
the equipment needed, with approximate costs. Related areas such as 
advisory committees, faculty requirements, student selection, 
scientific and technical societies, and others are presented. This 
guide represents one approach to training technicians to work in a 
highly complex area. It can be modified to meet a particular 
institution's local. State, and regional needs. The bibliography 
presented with the curriculum includes a suggested library content 
which is classified as basic encyclopedia and reference index 
material, reference books, periodicals and journals, and visual aids. 
(Author/EB) 
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FORWORD 



It has been pointed out that man could live several weeks without food and 
several days without water, but that he would perish in a matter of minutes 
without air* The protection of this thin layer of life supporting atmosphere 
should therefore be the concern of every citizen. 

The federal and state governments have enacted legislation in recent 
years designed to improve the quality of the air we breathe; and have ap- 
propriated funds for research, training and control purposes. 

The manpower required to improve air quality encompasses many dif- 
ferent disciplines and training levels. In the scientific and technical aspects of 
air pollution research and control, engineers, chemists, physicists, biologists, 
meteorologists and others are needed. Support personnel required for these 
scientists include trained technicians who, with a minimum of supervision^ 
can perform detailed field sampling as well as precise laboratory analytical 
tests for various air pollutants. This valuable service will tree engineers and 
scientists to perform research and related control activities- 

The program presented in this guide is designed to prepare highly 
qualified technicians to work in the air pollution control field after a two-year 
program of full-time study. It has been reviewed by experts in the fields of 
air pollution control and training. The purpose of the guide is to help school 
administrators and instructors in planning and developing hew programs, or 
for evaluating those in existence. It contains course outlines for technical 
specialization courses as well as necessary basic science and communications 
courses. Also included are plans for laboratories and the equipment needed, 
with approximate coasts. Related areas such as advisory committees, faculty 
requirements, student selection, scientific and technical societies and others 
are presented. The Guide was prepared at Sante Fe Community College in 
Gainesville. Florida under the terms of a contract with the U. S» Office of 
Education. The Project Director was John M. Turner. 

It should be kept in mind that the guide represents one approach to 
training technicians to work in a highly complex area. The guide can be 
modified to meet a particular institution's local, state and regional needs. 

Alan J. Robertson 
President 

Santa l\ Community College 
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THK AIU POLLUTION TKCHNOLOGY PIIOGUAM 



Air pollulion is a problem belonging almosl 
exclusively lo urbanized, industrialized nations. 
Generally, as industry, technology and ur- 
banization have increased, the amount of air 
pollution has increased proportionately. 

It was estimated by the U. S. Department of 
Health, Education and Welfare that for the year 
1967, there were 142 million tons of pollutants 
emitted into the air of the United States. These 
pollutants were classified into 5 specific types, 



and came from 5 major sources. Motor vehicles 
accounted for 86 million tons; industry, 23 
million tons; power generation contributed 20 
million tons; space heating, 8 million tons, and 
the remaining 5 million tons came from refuse 
burning. The greatest quantity of any single 
pollutant was carbon monoxide, 73 million tons; 
next was sulfur dioxide at 27 million tons; 
hydrocarbons contributed 18 million tons; 
particulates, 13 million tons and finally, oxides of 
nitrogen accounted for 11 million tons. 




llestNirch eorKhit'lod in many different 
locations and over fiiany years has shown thai 
excessive coneentralions of certain pollutants 
cause harnlful effects on humans* and animals, 
many kinds of plants* and materials such as 
melals/ sione, wood, leather, ghnss, paper, 
ruhlier and others. 

That air polhitanls can kill human beings has 
been tragically demonstrated a number of times 
in what are called air pollution episodes. Air 
pollution episodes take place when toxic pollu- 
tants are released under certain meteorological 
<*onditions, often combined with geographic and 
topographic factors, which prevent their dis- 
persion over a period of several days. Slovviy 
these poisons luiild up in the stagnant air until a 



concentration is reached which is lethal to many 
susceptible persons, These episodes have taken 
f^iarr again an<i again. Only in comparatively 
n"cen( years have attempts been made to study 
and document these incidents. Thus studies 
have been nuule of episodes in the Meuse V^illoy, 
HeigiumJii 1931]; Donora, Pennsylvania, in 1948; 
Li»niion, Kngland in 1952 and 1962; and New 
York in 19r);3, 1962. 1903 and 1966. The vvorst 
single air fiollution disaster of those mentioned 
was the episode which took place in Ix)ndon in 
December 1952. Statistical analysis of mortality 
data during this period revealed that 4,000 peo- 
ple died as a result of air pollution. Undoubtedly* 
air pollution episodes have taken place many 
other \\mvs and places in addition to these docu- 
nieitli'd instances. 




Porlunatrly, ( hv toohnofo^n' which creatod tho 
problems of air pollution has also provided 
.solutions to many of those same problems. The 
successful resolution of the air pollution 
dilemma, then, is primarily one of economic and 
attitudinal motivation. 

There are encouraging signs of a public desire 
to clean up the environment. These signs began 
showing up in the 60's and were reflected by an 
increase in legislation at the federal, state and 
local levels designed to deal with problems 
created by environmental poliutbn of all kinds. 
Specifically, the passage of the Ciean Air Act in 
1963 updated the original federal air pollution 
control act passed in 1955. It also increased the 
responsibilities of the federal government in the 
area of research and funding of air pollution 
control programs, while reaffirming the inv 
portance of state and local responsibility for 
control activities. 

In 1967 the Air Quality Act was passed. This 
legislation represented a new approach to air 
|K)llution control in that it dealt with air pollu- 
tion problems on a regional or interstate i>asis. 
The "Clean Air Amendments of 1970'\ l\L. 91- 
tiUJ, was a further step toward reducing atmos- 
pheric conlaniinunls. Using data developed un- 
der the 1967 law. the Environmental Protection 
Agency was empowered to set national ambient 
air ijuality and emission standards based on 
available air cjuality criteria and control tech- 
nology. The 1970 law also contained provisions 
for monitoring air <|uality (o deternu'ne whether 



ambient standards are being met. 

The increase in public awareness of the urgent 
problems of air pollution has led to a great in- 
crease in legislative and administrative activity. 
This in turn will lead to greater research and 
control activities, and intensify demands for 
Iraineil technical manpower* both in the public 
control agencies and in private industry. 

PUKDICTION OF TECHNICIAN NEEDS 

One of the most comprehensive investigations 
attempting to estimate future air pollution 
lechnician needs is contained in a report titled 
"Manpower and Training Needs for Air Pol- 
lution Cnutrol." This report was directed to 
the President and Congress by the Secretary of 
IIKW in June» 1970. Using a predictive man- 
power model developed by KPA personnel, it 
was estimated that total manpower needs by 
state and local control agencies w^outd number 
8,000 by 1974, Slightly fewer than 400 
technicians were employed full time in 1969. 
This number was expected to grow to nearly 
KOOO technicians by 1974. 

In the private sector, the survey estimated an 
increase from approximately 1,650 technicians in 
I9(>9 to t),:il4 in 1974 - an increase of 1380%. 
Significantly, the industries surveyed expressed 
no concern over the future supply of engineers 
and scientists, They were concerned, however, 
over what they saw as an increasingly acute 
shortage of technicians. 




Fi^uro .7- These Uxknirian frainecs are rje (ting fkUi vrjK rience in sourtx snmplinf/. 



Thus, awmling to this report, by 1974 there 
will be re(|uire(l by the Kederal, stale and local 
government and private industry some 5,700 
new air pollution control (echntcians, assuming 
those presently \vorkin>r are still serving in that 
capacity * 

A nation wiriiv manpower survey of 261 air 
pollution control agencies by KPA in Apri), 1971 
revealed that: "The 197 i target of 8.000 fulUtimo 
positions (reported in the 1970 survey) is a 
conservative estimate since the model did not 
take inloconsideration the 1970 Anxendments to 
the Clean Air Act which place an even greater 
workload on the control agencies than did the 
1967 Act." 

y It is suggested that institutions considcrmg 
training programs such as the one presented in 
this guide make full use of the most recent 
manpower projection studies available. 

The objective of the total progrijm roeom- 
mentied in this guide is to produce a competent 
air pollution technician. The technician must be 
cupalde of working and communicating directly 
with engineers, scientist?? and other porsonnel; 
of satis-tactoriSy performing work for his em- 
ployer; and of growing into positions of in- 
creasing responsibility. In addition^ the grad- 
uate technician should h.ive a beginning basis Jor 
l)econdng an active, well-informed member of 
society. 

A program, which, when mastered, wi[| 
produce the type of graduate described above, 
must he carefully designed, Each course must bt* 
planned lo help the student develop knowledge 
and skill in its particular area and be directly 
integrated into the program/ The sequence of 
courses, each of which is specially constructed, 
contributes tow:n*d the final objective of pro 
diK'tng a comtK'tent technician. U close correJa- 
lion of courses making up the program is not 
maintainerl, the program will not enable the stu- 
ilt^nl to obtain an understanding at the depth re- 
ijuired of modern air poflutton contro! tech- 
nicians. 

Thi* technical content of the program is in- 
tentlerl to supply a wide educational backgroiind 
in the diverse areas of apph'ed air pollution 
technology. In the first year, the student should 
acquire an understanding of the history of air 
pollution, and social, economic^ health and 
technical [mplications. In addition to basic air 
sampling methods and analysis techniques, he 
should also gain insight into problem solving 
through studies in technical mathematics, 
^ ohysics and chemistry. 
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The second year |)rovides tramingat a higher 
irve), including air polUilion instrumentation, 
fundamentals of meleoroiogy and advanced air 
sampling and analysis techniques. During this 
period, the student also receives instruction in 
Ihe basic problems of wastewater treatment or 
solid waste disposal. 

Graduates of the Air Pollution Technology 
program can expect to find employment in many 
areas of the air pollution control field. Kach area 
may require somewhat different abilities and 
s[)cciali/ed knowledge and skiils for a successful 
career* Most graduates will continue to develop 
their abiSities through study on the job or in 
part-time study to master the specifics of a 
particular field. The following list indicates some 
ot (he major areas or clusters of job op- 
portunities for air j)o!hUion technicians as 
described by employers. Sonne are beginning 
jobs; others are attained by experience and 
study on the job. 



1. Air htil^iiiiu hth IVchnician - A techni 
ciari priiitutlly eoucorruMl with tho lalnrnv 
lory anulysis of effluent imd ambient air 
samples. He uses Iroth wel ohertiistry and 
instruniental leehni()iies and prepares re 
ports based on his analyses. 

2. Air Polhttm hvld Spemlist -- This 
loehnician performs bolh effluent and 
ambient testing procedures. He is 
familiar with different types of control 
equipment and knows how am! where lo 
take representative samples. 

litstrumevi Spccmlist - A technician 
who performs duties involving the 
ealibration, installation and maintenance 
of various types of air monitoring and 
nVeasuring instruments, 
L Iiispcvtor - This technician is engaged in 
the registration and inspection of poten^ 
tiid sodrees of air pollution. He detects 
and reports violations of air poltulion con- 
trol taws and regulations. He coltects evi- 
dence of violations, conducts interviews 
with complainants and witnesses and 
niay testify before judicial and semi judi 
eial hoiiies. 

5. Tcc'hftkvl Kvpyresentatire — A technician 
employed by a firm as a sales and service 
representative for its products. He ad 
vises the customer and is capable of 
installing* operating, and servicing etjuip 
vnient. He may also train the customer's 
pi^rsonnel to operate an<l njaintain the 
e(piitmient/ 



In addition to technical skill, some of the 
preceding jobs call for particular personal traits. 
For example, the inspector and the technical 
representative must possess the ability to meet 
and deal with the public. Highly skilled 
technicians must be capable of working closely 
with engineers, scientists and other technicians 
and of supervising and coordinating the efforts 
of skilled workmen. 

Technician eduealion program^ develop 
highly speciali/cd persons who must bo able to 
perfornvmany tasks requiring special skills and 
who nmst approximate the professional in 
e<lucalion, attitude and competence. Such 
programs provide for rigorous study of scientific 
principles and supporting mathematics and for 
intensive laboratory and field practice orient(?d 
to inslruclion. Programs must provide students 
(jpf»ortunitie.s to gain tl) knowledge of applied 
scientific princii)les and of equipmenljndustrial 
and other energy processes, techniciues, 
n)a(erials and instruments, and (2) the ability to 
communicate with engineers and scientists, and 
to serve as delegates or assistants to such 
fKTsons. Although some technical and com- 
prehensive high schools provide for technical 
and related vocational education, intensive 
programs such as described herein are more 
generally suited for two years of post high 
school study, 

S(mHv indication of the special nature of 
engineering technician programs can be ob- 
tained from an analysis of what technicians must 
know, what special abilities they must possess 
rind what 1 hey must be able to do in their work. 
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SPKCIAI. ABIIJTIKS HKQIJIKKI) OF 
TKCHMCIANSJ 



ACTIVITIES PKllFOUMKI) BY 
TKCIINICIANS^' 



Toohnicians must have (he foUovvinK special 
al)iliiies: 

t. Proficiency ia the use of disciplined 
and objeclive scientiHc method in 
practical application of the basic prin- 
ciples and laws of physics and chemistry 
and/or the biolo^ica] sciences as they 
constitute the scientific base for the 
individual's field of technology, 

2. Facility with mathematics: ability to use 
algebra and trigonometry as tools to de* 
velop, to define, or to <)Uantify scientific 
phenomena or principles; and, when 
needed, an understanding of, though not 
necessarily facility with, higher mathe- 
matics through analytical geometry, cal- 
culus, and differential equations, accord- 
ing to the requirements of the technolo- 
HY- ■ 

3. A thorough understanding of and facility 
in the use of the materials, processes, 
procedures, and equipment commonly 
used in the technology. 

4. An extensive knowledge of a field of 
specialization* vvith an understanding of 
the underlying physical or biological 
sciences and their application to the 
engineering* health, or industrial pro- 
cessing or research activities that distin- 
guish the technology of the field. The 
degree of competency and the depth of 
understanding should be sufficient to en- 
able the individual to establish rapport 
with the engineers, scientists, managers, 
or researchers with whom he works, and 
to enable him to perform a variety of de- 
tailed scientific or technical work using 
general procedures or instructions but 
requiring individual judgment, initiative, 
and resourcefulness in the use of tech* 
ni<jues, handbook information, and re- 
corded scientific data. 

5. Communication skills that include the 
ability to record, analyze, interpret, and 
transmit facts and ideas orally, graphical- 
ly, and in writing with complete obji*c- 
tivity» 



O > 
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A technician must perform a variety of func- 
tions. He must be prepared to: 

!. Apply knowledge of science and mathe- 
matics extensively in rendering direct 
technical assistance to engineers or scien- 
tists engaged in air pollution controls 
monitoring or research. 

2. I>esign, develop, or plan modifications of 
new products and techniques or pro- 
cesses under the supervision of scientific, 
engineering, or medical personnel in 
applied research, design, and develop- 
ment. 

3. Help plan, supervise, or assist in in- 
. stnllation; and inspect complex scientific 

apparatus, operation, equipment, and 
control systems* 

4. Advise regarding the operation, main- 
tenance* and repair of complex equipment 
with extensive control systems. 

5. Advise, plan, and estimate costs as a field 
representative of a manufacturer or dis- 
tributor of technical equipment and/or 
products, or services. 

6. Assume responsibility for performance or 
tests of mechanical, hydraulic, pneumatic, 
or electrical components or systems in 
the physical sciences; and/or for deter- 
minations, tests and/or analyses of sub- 
stances in the engineering or health re- 
lated sciences, and the preparation of ap* 
propriate technical reports covering the 
tests. 

7. Prepare or interpret engineering draw- 
ings and sketches, or write detailed 
scientific specifications or procedures for 
work related to the physical or engineer- 
ing sciences. 

8. Select, compile, and use technical infor- 
mation from references such as engineer- 
ing standards, handbooks, biological, or 
health-related procedural outlines; and 
technical digests of research findings. 

9. Analyze and interpret information ob- 
tained from site inspections, and make 
evaluations upon which technical deci- 
sions are based. 

10. Analyze and diagnose technical problems 
that involve independent decisions. Judg- 
ment must be based not only on technical 
know-how but on substantive experience 
in the occupational field as well. 



1 1. Deal with a variety of technical problems 
which must be solvoil by a person with an 
understanding of several technical fields, 
Svich versaUlily depends on broad ex- 
perience in applying scientific and techni- 
cal principles, the antithesis of narrow 
specialization. 

A two-year program to educate air pollution 
technicians must concentrate on pritnary or 
fundamental needs if it is to prepare students for 
responsible positions 1n modern technology. It 
must be realistic and pragmatic. The program 
.suggested in this guide has been designed to 
provide maximum technical instruction in the 
time that is scheduled. 

To those who are not familiar with thij type of 
educational service (or with the goats and in- 
terests of students who elect it), the technical 
program often appears to be inordinately rigid 
and restrictive. While modifications may be 
necessary in certain individual institutions, the 
basic structure and content of this program 
should be maintained. 

The specialized technical courses in the pro 
gram are laboratory and field oriented. They 
provide time for the application of the scientific 
principles concurrently being taught in the 
courses in physics, chemistry and mathematics. 
For this reason, mathematics and science 
courses must bi» coordinated carefully with 
ti^chnical courses at all stages of the program. 
This coordination is accomplished by scheduling 
mathematics^ science, and technical courses 
concurrently during the first two terms, a 
principle that will be illustrated at several 
points. General education courses constitute a 
small part of the total program, ft has been 
found that students who enter a technical 
program do so because of the depth of 
specialization that the program provides. E\ 
perience shows that many students who elect 
this type of program bring to it a background of 
general study. 

FACULTV 

The effectiveness of the program depends 
largely upon the competence and the enthusiasm 
of the teaching staff. The specialized nature of 
the prograrn requires that the teachers of air 
pollution technology subjects have special 
competence based on proficiency in technical 
subject matter and industrial or iigency 
pollution control experience. It is important also 
that all members of the faculty understand the 
educational philosophy, goals, and unique 
O Jirements that characterize this program. 
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To be more effective, members of the faculty 
responsible for this program must have in* 
teresUs and capabilities which transcend their 
areas of specialization. All of the faculty 
members should be reasonably well informed of 
the requirements for study in air pollution 
control practices so that they may use field 
examples or subject matter as supporting 
material in teaching. For example, if the control 
equipment courses are to be of maximum value, 
the teacher must be familiar with the equipment 
in present use, its applications and limitations. 
Without such a background, the teacher cannot 
give course work the support that is needed 
in the total program of education for the 
technicians. Similarly, various scientific prin- 
ciples may be taught in courses in physics and 
mathematics, and the course instructors should 
emphasize the principles by illustrating their 
applications. 

Teachers of specialized technical subjects 
recjuire advanced technical training. Although in 
the past many teachers have been recruited 
from industry, control agencies and engineering 
professions, recent experience has shown that 
graduates of technician training programs who 
have acquired suitable experience and who have 
continued their technical and professional edu- 
cation often become excellent teachers in this 
type of program. Such persons are likely to un- 
ilerstaud the objectives and unusual instruc- 
tional re<juirements of technical education. 
Furthermore, persons with this particular back- 
ground often bring to the program an enthu- 
siasm for and an appreciation of the values of 
technical education— characteristics that are 
essential to the success of any education pro- 
gram. 

Another possible source of teaching personnel 
is the Air Pollution Control Employment Bul- 
letin, published by Ability Search, Suite 202, 
Davis Building, 1629 K Street N.W., Washing- 
ion, 20006. This publication, issued month- 
ly, lists ])eople with various educational back- 
grounds l)ut with training in some aspect of the 
air pollution field who are seeking employment. 

Since programs for highly skilled air pollution 
control technicians must be a series of well- 
integrated courses if the scope and depth of 
training given are to be adequate, careful 
consideration must be given to when and at 
what level a new concept is to be introduced. 
This may be accomplished through **team- 
leaching/' In this sense, team-teaching is the 
organization of a technical staff into a coor 
dinated teaching unit* Teaching assignments are 



made oh tho basis of tht^ individual mombor*s 
sjii'cial trainiuj? and lulonCs. Concurrent courses 
are closely coordinated by team members to 
best utilix^e the student's time while he is moved 
smoothly on to progressively higher levels of 
understanding, 

''Teamleaehing" can be developed and 
nourished only by the teaching faculty. A 
weekly departmental staff meeting to encourage 
the development of "team-teaching" is reconv 
mended. At those^ meetings, each instructor 
should check with instructors of concurrent 
courses (0 insure that courses are being coor- 
dinated. This IS especially important when new 
courses or new techniques are involved. If less 
optimum coordination is evident, the team can 
analyze the problem and (juickly find a solution. 

In addition lo keeping concurrent courses well 
coordinated, staff meetings provide for free 
exchange of ideas on teaching techniques 
discovered to be useful, and on recently 
developed laboratory projects which seem to be 
particularly successful* Any project which 
seems especially interesting and leneficial lo 
the student should be analyzed to ste whether 
the same principles of presentation can bo 
employed in other projcGts. Furthermore, the 
meetings provide for discussion of scientific or 
technical journal articles which may improve the 
teaching of a subject or Which present new 
information which should be taught. 

The most competent faculty member will 
never feel that he has completely mastered his 
special area of expertise* Throughout his 
professional career he will be on the alert for 
new methods, materials, and equipment. He will 
continue to read, to study, lo maintain contact 
-Av;.UJI:i ..the changing concepts of air pollution 
control and to visit agency and industrial control 
|)rograms. In brief, he will not attempt to teach 
tomorrow's practices to today*s students if he 
has only yesterday's knowledge* 

The /ristitation must try to bring the most 
competent instructors into the classrooms. It 
should attempt to employ instructors with both 
technical ()Ualificalions ~ such as professional 
engineers and engineers with industrial back- 
grounds-- and proved teaching ability. It may 
well consider seeking instructors "on loan'' from 
public control agencies and industrial firms or 
employing specially <|uaHfied instructors part- 
lime or as guest lecturers. It must always en- 
courage lis full-time faculty members to upgrade 
their jirofessional (jualifications. 

To help keep a staff effective, an institution 
should encourage faculty members to par- 
"Cipate as active members of professional and 



technical societies. Through such organizations 
they can keep up with new literature in the field 
and maintain closer liaison with employers of 
technicians or other leaders in the field. By 
attending meetings they can hear addresses by 
out?>tanding specialists In the field. Technical 
school administrators are increasingly encour- 
aging the self-development of staff members by 
providing released time and financial assistance 
to those who attend society meetings and tech- 
nical teacher-training institutes. Periodic or sab^ 
bat leal leaves should be offered to allow staff 
nunnbers a chance to increase and update their 
industrial experience, or for further vStudy. 

When determining teaching loads for teachers 
of technical specialty courses, administrators 
should consider the number of student contact 
hours required by their schedules. Fully ef- 
fective instructors in this field require con- 
siderably more time to develop courses and 
laboratory materials than do shop instructors 
teaching vocational skills, or teachers of general 
education courses. A contact-hour workload of 
from 15 to 20 hours a week usually constitutes 
a full teaching load for technical specialty 
teachers. The rest of their time should be spent 
in assisting students and in developing courses 
and effective laboratory experiments. 

Class size must be considered in developing 
effective teaching, since the individual attention 
is recognized as a vital element in teaching. The 
maximum size of a lecture class may vary 
somewhat, depending on the material to be 
covered, the lecture room, and the teaching 
techniques used; but for blackboard lecturing, 
class sizes of from 20 to 30 students usually 
should be considered optimum. If little or no 
class discussion is attendant to the lecture and if 
the parts of the lecture normally written on the 
blackboard are carefully prepared and pre- 
sented by an overhead projector, the size of the 
class may be significantly increased. 

Careful planning of laboratory teaching is 
important. Laboratory sections shpuld not be 
overloaded with students. Teaching cannot be 
effective if there are too many students per 
workgroup or if loo many different experiments 
are being conducted simultaneously in the same 
laboratory. If too many students try to work on 
a project, most of them will not benefit from the 
experiment, because they cannot participate 
sufficiently in doing the work. An optimum 
group size is usually two students per laboratory 
setup, although some experiments can be ef- 
fective for groups of three or even four/If too 
many experiments are underway, the laboratory 
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injsiruclor canndl i>o oflVcUvis and the labora- 
lory expiMMnuMUs cannot bi' closely coordinated 
with theory lectures. 

Technical programs arc designed to produce 
supporting employees who increase the ef- 
fectiveness of engineering teams. The same 
principle of assistance may be employed to 
increase the effectiveness of the teaching staff, 
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Staff assistants may be used in stock control to 
set out the proper equipment for laboratory 
classes, to keep equipment operating properly, 
to fabricate training aids, and to do a limited 
amount of routine paper grading. When assis- 
tants do these important but time consuming 
jobs, ihe teaching staff can (tovote more time to 
<leveloping courses, preparing handouts to 
suf)plement lecture material, and insuring that 
necessary components and properly functioning 
equipment will be available when needed. Re- 
sourceful use of supporting personnel makes it 
possible to have a small but versatile staff which 
may be maintained as enrollment varies. By ad- 
justing the size of the uipporting staff to the de- 
mands of enrollment, a school may at least part- 
ly solve the problem of havinK too few instruc- 
tors when the enrollment is high and too many 
instructors if the enrollment is reduced. Most, of 
the supporting staff members may bo recruRcd 
from the student body or graduates from the 
program* 



ERIC 



^tfitrt fl frntn an oh' siithf>h' in hours. 



STUDENT SELECTION AND SERVICED 

Since the ultimate objective of the program is 
to produce high-quality graduates, it is essential 
that the students accepted into the program 
have certain capabilities. If the Incoming stu- 
dent's background is inadequate, the instructors 
will ten<l to compromise the course work to al- 
low for the inade<|uacles, with the probable re- 
sult that the program will be inadequate in 
depth and scope. 

Students chosen for this progr^.m should have 
similar backgrounds and capabilities and should 
exhibit some evidence of maturity and se- 
riousn<*ss of purpose; otherwise the program 
might viot achieve its objectives. Wide ranges of 
ability among students can create an inefficient 
teaching situation and thereby prevent the 
program from progressing at the necessary rate. 
The amount of material to be esented and the 
principles to be mastered require students who 
not only are well prepared in formal course 
material but also have the ambition, desire, and 
will to mastc-r a difficult program and to develop 
their capabilities to the limit. 

The program is designed for high school 
graduates who have particular abilities and 
interests. In general, students entering the 
program should have complet-^d a minimum of 2 
years of high school mathematics, including 
algebra and geometry, and 1 year of physics, or 
chemistry with laboratory e cperience, or the 
e(|Uivalent. 
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Tho abilily len tils of those who do. and those 
who do not, \wv\ ihosi* >(enenil requirements 
will vary ^really* If a slmlenl enters a program 
without ade<juate f»re})aration» he will usually 
iail; if a elass, or uiajorily of a class, begins 
without the mjuisite preparation, the program 
eannot prepare highly capable technicians, and 
to that extent the program will fail. If applicants 
for admission do nt>l have the necessary mathc* 
nuilics, science; or language skills, they should 
take remedial work before entering the techni- 
ealni'ograin. If possible, this remedial work 
should be offered at the school where the appli- 
cant plans to enter a technical program. 

N!any inslilutions which offer programs tor 
technicians provide pretechnical programs up to 
a full year*s duration to give promising but 
under-prepared students the opportunity to 
enter a technical program of their choice with a 
good probabilily of successfully completing it /A 
pretechnical program helps solve student 
recruitment problems, provides assurance of 
high ((uality of graduates by starting with ade- 
quately prefrared students, and gives promising 
students an '^ipporlimity to educate themselves 
to meet the nation's urgent need for 
technicians.*^ 
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Kffcclive guidance and counseling are essen- 
tial. The student should be aided in selecting 
edu<'alional and «ccu(>atiohal objectives con- 
sistent with his interests and aptitudes. When- 
ever possit)le, inslitiiiions offering technical pro- 
grams should consider the use of standardised or 
special tests to assist in student selection* pluco- 
menl, and guidance, A student should be ad- 
viseil to revise his educational objectives if it be- 
eonuvs apparent that he lacks interest in the 
technical program or lacks ability to complete 
the program satisfactorily. 




l iiiurr I 'J Si ntii uls usifi w hlii^i} n aamplhfg iravt fur 




y\)*[irv ia I'hi itriiH'ipUs ttf <i vvhluri gns wrnsunutf 



10 



Tho ntnv sluHonl shouUt quickly become fa- 
miliar with the facililieson campus. In particular 
he should be given a lour of the library facilities 
and be made familiar with the procedures and 
rules governing the use of the library. If possi- 
ble* organized field trips to nearby industries 
and control agencies should be arranged early in 
the program to give new students an opportun- 
ity to see air pollution technicians on the job. 
These tours may provide motivation and per- 
haps point out why certain required subjects are 
important. 

A departmental student organization may be 
formed to help bring together people with sim- 
ilar interests. The meetings of this organization 
should provide exercise for the students in ar- 
ranging their own technical programs. Speakers 
from control agencies and industry or selected 
films may be used lo stimulate interest at 
meetings. Student organizations may assist with 
and participate in department activities such as 
"career days'' and "open house" events. 

Students should be given information con- 
cerning student membership in technical socie- 
ties and be encouraged to join such societies. 
Student chapters of professional societies offer 
an opportunity for the student to receive excel- 
lent material on a regular basis at nominal costs, 
and to associate with professional people in his 
field at meetings. After graduation, the techni- 
cian may find affiliation with a society and regu- 
lar reading of journal articles an important 
method of keeping his technical knowledge cur- 
rent in the field. 

As their graduation approaches, students 
should be made aware that some tasks open to 
technicians may be licensed or certified and that 
certification may be important for their future 
employment. To the extent permitted under 
state licensing requirements, students should 
be encouraged to get certification or other licen- 
ses as quickly as possible. 

The academic achievement of students should 
be recognized in some manner. Many in- 
stitutions grant graduates an associate degree 
as tangible recognition of achievement. A 
departmental club might present an annual 
award to an outstanding graduate, Private 
companies might offer to contribute to an annual 
scholarship award. 

Graduates of technical programs should be 
aided in every way possible in finding suitable 
employment. IMacement officers should be a- 
ware of the needs of the region*s control agen- 
cies and industry for technicians and should ac- 
quaint prospective employers with the qualifica- 
tions of graduates. The placement function is an 
r^.remely valuable service to the student, the 



institution/ and the employers. In the final 
analysis, the placement of graduates is an im- 
portant responsibility, which is directly or in- 
directly the concern of the department head of 
the instructor w ho teaches the technical special 
ty. An excellent placement record is important 
in getting new students. In addition, the school 
should conduct periodic followup studies of its 
graduates to determine their progress and to 
evaluate their training. Many times such studies 
can indicate how the program or teaching tech- 
niques can be improved, 
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TEXTBOOKS, UKFKHFNCES, AND 
VISUAL AIDS 



LABORATORY KQDIPMENT AND 
FACILITIES 



Toxlbooks, references, and visual aids for 
teaching any technology must be reviewed con- 
stantly and supplemented in the light of (I) the 
rapid developments of new knowledge in the 
field, and |2) Ihe results of research in methods 
of teaching and developing basic concepts in the 
physical sciences and mathematics. This is 
especially true in the field of pollution control 
technology. The development of whole new 
areas of theoretical and applied scientific know- 
ledge is demanding new textbooks, new refer- 
ences, articles in scientific and technical jour- 
nals, and new visual aids materials. 

New textbooks will reflect recent methods of 
teaching scientific principles and applications as 
fust as current research in education becomes 
applicable. Recent extensive research in meth- 
04ls 4)f leaching mathematics and physics cer- 
tainly will produce changes in teaching material 
and methods. It is therefore mandatory that in- 
structors constantly review modern texts, 
references* and visual aids materials as they be- 
come available and adopt those that are an im- 
provement over the ones suggested at the end of 
each course outline. 

The suggested texts and references have been 
carefully selected; however, there is a scarcity 
of good texts at the technician level in air 
pollution technology education. 

Before a department head or instructor un- 
dertakes a program in air pollution technology 
or any course contained in the program, he 
should familiarize himself with the texts and 
references listed here and others which are 
available. He will then be able to select the text 
which best serves his particular needs in making 
a lucid, high-level technical presentation to his 
students. 

Visual aids can be of great help in teaching 
programs. The aids which are noted here have 
been selected from an extensive list and repre- 
sent those considered most suitable at the time 
the curriculum was prepared. Many are not list- 
ed, because the variety and extent of the ma- 
terials make an all-inclusive listing prohibitive. 
From those listed and others available and per- 
tinent, an instructor may select visual aids 
which meet his teaching objectives. He should 
ahvnfjs preview and study visual aids before us- 
ing them in teaching. 
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Laboratories a(\d equipment for teaching air 
pollution technotpgy programs must meet high 
standards of quality, since the objectives and the 
strength of the programs lie in students getting 
valid practical experience* basic in nature and 
broad in variety. Well-equipped laboratories 
with sufficient facilities to enable all students to 
work in the laboratory are required for the 
courses. The student's training program should 
include experiences which illustrate the function 
and application of a wide variety of standard 
lesls iind functional systems and their represen- 
litlive uses. 

Variety and quality of equipment and facilities 
are more important than quantity in equipping 
hihoralories. Laboratory equipment and facili- 
lies are a major element of the cost of such a 
pni^ram, bul they are indispensible if the train- 
ing (vlijectives are lo he met. 

K(juipnient must he of good quality if la- 
l)()ratory work is to offer the student valid 
experiences. Inferior equipment may not show 
the principles being studied or may not be 
sensitive enough to provide reliable or precise 
data. Such equipment may require unreasonable 
amounts of time and expense for repairs or 
adjustment. The initial cost of high quality 
equipment is usually greater than that of low 
quality, but the difference in cost is justified 
heeaiise it makes possible laboratory experi- 
ments that give precise results. 

In the selection of laboratory equipment, the 
need for each item should be well established. 
Expensive apparatus may not always be 
required. Many significant experiments can be 
made with relatively inexpensive components. 
In fact, in many cases these components can 
make it easier for the student to understand the 
principles because they present only the es\ 
sentials. The number of units purchased, the 
particular areas of interest, the particular in- 
dustry emphasis, and the ingenuity of the in- 
structors in adapting equipment to teaching 
needs will in part govern the selection and cost 
of laboratory equipment. Throughout the pro- 
gram, the emphasis should be on the principles 
which serve as the basis for solving many differ- 
ent kinds of air pollution problems. 

A recommended approach to developing la- 
boratory work and equipping the laboratories 
is to determine what experiments and ex- 
periences are needed for each course and then to 
design the exercises, so far as possible, using 
standard components and equipment which are 
representative of those currently being used in 



the industry or in related government control 
agencies. This approach requires staff time and 
effort; but because the experimental equipment 
has been assembled to demonslratc some princi- 
ple or to muke a specific experimental determin- 
ation with clarity and precision, it usually ac- 
complishes the best teaching. Laboratory equip- 
ment and facilities are discussed in more detail 
in a later section, entitled ^'Facilities, Kquip- 
ment, and Costs." 



THE LIBRARY 

In any evaluation of a technology progranj, its 
strength is indicated by the quality of its library. 
It is indicated by the (luulifications of the librar- 
ian; the facilities, the quality, quantity, and rele- 
vaney of content; and the staffing and organiwi- 
linn of the library. 

Dynamic developments causing rapid changes 
in technological science and practice make it 
imperative that the student learn to use a 
library. Instruction for technical students should 
therefore be library oriented so that they may 
learn the importance of being able to find in- 
formation on any of the various courses they are 
studying. They should form the habit of using 
the library as a tool in learning. This knowledge 
helps students develop a professional attitude 
and further teaches them to depend on libraries 
to keep abreast of new developments. 

Instructors of all courses should inform their 
students that library use is an important part of 
the program. Planned assignments that require 
the use of the library to prepare reports on 
pertinent subjects will enable students to un- 
derstand the resources available and their 
relation to technology. Open-book examinations 
that require use of the library provide excellent 
and objective experiences. Under the incentive 
of the examination and the pressure of time, 
students obtain a clear understanding of their 
own competency in using the library. 

The growth and success of the graduate 
technician will depend largely on his ability to 
keep up with changes in his field. 

For this reason a central library under the 
direction of a professional librarian is important 
to the success of the technology program. Most 
instructors have private libraries in their offices 
from which they may select books of special 
interest to discuss in their personal conferences 
with students and thereby stimulate their in- 
terest in related literature. However, a central 
library insures the acquisition and cataloging of 
the library content according to accepted library 
practices and provides systematic card files, 
Q ' ch facilitate the location of reference mater- 
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iuls. It also provides a controlled and orderly 
system for lending i)ooks to students typical of 
those in libraries which they might use as 
employed technicians. Provisions for lending 
materials for outof-library use should be 
systematic and efficient. Suitable study space 
should be provided students for use of 
references. 

The head librarian usually reports to the top 
administrative officer of the school and has 
full faculty status. The American Library 
Association (AliA) standards state: *\ . . two 
professional librarians are the minimum number 
required for effective service in any junior 
college with an enrollment up to 500 students 
(full-time equivalent). In addition, there should 
be at least one nonprofessional staff member. 
The larger the institution, the more appropriate 
it will be to employ a higher proportion of 
nonprofessional staff members/V 

Acvording to ALA, the library budget should 
bo determined in relation to the total budget 
of the institution for educational and general 
purposes, but the amount to be allocated to the 
library should be based upon a program of 
optimum library service in support of the 
school's goals. The execution of the library 
program, as it is outlined in the ALA standards, 
normally requires a minimum of 5 percent of 
the total educational and general budget* This 
minimum percentage is for a well established 
library with an adequate collection. It would 
have to be increased if there were a rapid in- 
crease in the student body or in course offerings; 
it would again need to be increased if the library 
were made responsible for an audiovisual pro- 
gram. The library budget for a newly organized 
institution should be considerably higher than 5 
percent. 

Another ALA criterion for the library budget 
is that the funds for acquiring new library 
materials should equal or exceed the total of 
salaries for the library staff. This is for es- 
tablished libraries; the expenditure for acquisi- 
tion of new library materials should be substan- 
tially greater for libraries which are just start- 
ing or making major additions to programs. 

A library must provide adequate literature 
containing the information encompassed by all 
subjects in a program and extending somewhat 
beyond the degree of complexity or depth of that 
students cover in classrooms. Literature dealing 
with unusually highly specialized aspects of a 
subject may be acquired as needed or may be 
borrowed by the librarian from more com- 
prehensive libraries. 
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Tho library conlrnl should meet tho needs 
both of full lime students and of the part-time 
students' supplemental courses to upgrade or 
update their occupational knowledge and skills. 
In addition, it should serve the day-to day needs 
of the instructors as they keep their own 
technical knowledge abreast of I he new develop 
nienls iK'rtinent to iheir special field of applied 
science. 

in view of the highly specialized nature of 
library content for air pollution technology, the 
department head or chief instructor of the 
technology should be a member of the library 
committee and should be rest)onsible for ap- 
proving the reference material selected for the 
technology and related courses. The librarian, as 
chairman of such a committee^ may be expected 
(0 lake the initiative in calling meetings or in- 
formally consulting with the head of the air 
pollution technology department so that within 
the limitations of the budget and the con- 
sideration of total library needs, the department 
will acquire the appropriate library content. 

The teaching staff and the library staff shoufd 
cooperate in determining what materials are to 
be acquired and should be responsible for the 
final selection of the materials that support their 
technical courses. They must lake the initiative 
in recommending materials to keep the library 
currentt pertinent, and useful. The library staff 
should supply the teaching staff with a periodic 
list of recent acquisitions complete with call 
numbers. Technical and trade journals should 
either be circulated among the teaching staff or 
be placed in a staff reserve section for a short 
time before they are made available for general 
library use. 

In addition to reference materials, journals, 
and trade publications, a library should have 
encyclopedias available for quick reference and 
should maintain index material such as the 
EiifjiuverhKi Indvx and the Applied Scw)n-e 
and Technology Index to aid staff and students 
in finding recent material on specific subjects. If 
visual aid materials are centered in the library, 
they should be reviewed and evaluated by both 
the librarian and a member of the teaching staff 
as they become available. This procedure will 
inform the teaching staff of what visual aids are 
available and where they may be used best in 
the technical program. 

A well-equipped, modern library should have 
some type of duplicating service available so 
that copies of library materials may be easily 
obtained by students and staff. Such a service 
allows both students and staff to build up-to date 
^ files of current articles appropriate to the 
l^">urses in a program. The service should be 



available to the students at a minimum cost and 
free of personal cost to the teaching staff* 

Kurlher suggestions and discussion of library 
content for the technology are provided in 
Appendix A. 
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SCIENTIPrC AND TKCHNICAL 
SOCIETIES 

Scientific and technical societies^ and trade 
associations are an important source of instruc- 
tional materials and other benefits for faculty 
members and students. Such societies provide/ 
through their publications and meetings, imme- 
diate reports and continuing discussion of new 
concepts* processes, techniques, and equipment 
in the physical sciences and related technologies. 
The presentation and interpretation of scientific 
and technical discoveries explain the relation- 
ship of the theoretical scientist's work to the 
applied science practitioner's requirements. 
They are an invaluable aid in keeping abreast of 
new developments in a particular phase of 
science. 

Less conspicuous, but extremely important* is 
the support which some societies may give (1) in 
helping to develop evidence of need for a 
training program, (2) in helping to promote the 
program, (3) in enlisting members' support for 
the program, (4) in helping to provide work 
experience for students, and (5) in helping with 
the placement of graduates. 

Associations and societies may supply re^ 
source people to speak to classes. They may also 
serve as hosts to student groups on field trips to 
study specific phases of the technical area. 

Instructors should be encouraged to become 
active members of these societies so that they 
may learn quickly of new technological develop- 
ments. Membership will also enable them to 
meet people in the community who are most ac- 
tively interested in the field. Some educational 
institutions pay all, or part, of the costs of mem- 
bership dues and attendance at local or national 
meetings in order to encourage staff participa- 
tion in selected societies. 

Early in their studies, students should be 
re(iuired to become acquainted with the litera- 
ture and services of scientific, technical and en- 
gineering societies. They should also be encour- 
aged to join those which offer affiliate member- 
ships. 

Many professional organizations and associa 
tions of manufacturers and producers serve the 
scientist, engineer* technician, administrator, 
teacher, student, and others dealing with the 
problemr. of air pollution. Some of these organ- 
izations are listed in Appendix B. For example, 
the Air Pollution Control Association plays a 
leading role in disseminating information on new 
air pollution control methods and techniques and 
publishing the results of basic research projects. 
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Some other scientific* technical, industrial 
groups, and agencies whose publications and 
services interest teachers and students of air 
pollution technology are: 
Air Pollution Control Association 
American Association for the Advancement of 

Science 
American Chemical Society 
American Industrial Hygiene Association 
American Institute of Chemical Engineers 
American Meteorological Society 
American Society for Testing Materials 
American Society of Civil Engineers 
American Society of Heating, Refrigeration and 

Air Conditioning Engineers 
American Society of Mechanical Engineers 
Incinerator Institute of America 
International Clean Air Congress 
Los Angeles County Air Pollution Control Dis- 
trict 

National Bureau of Standards 

National Council of the Paper Industry for Air 

and Stream Improvement* Inc. 
National Environmental Health Association 
National Sanitation Foundation 
The Society of the Sigma Xi 
U, S. Department of the Interior 
U. S. Environmental Protection Agency 
U. S. Government Printing Office 
U. S. Public Health Service 
Water Pollution Control Federation 
World Health Organization 

ADVISORY COMMITTEES AND 
SERVICES 

The success of technician education programs 
depends, to a great extent, on the formal and 
informal support of advisory committees. When 
an institution considers the advisability of 
initiating a particular technological program* the 
chief administrator or dean should appoint the 
advisory committee. 

The special advisory committee for the air 
pollution technology program should be com- 
prised of representatives of employers and pub- 
lic regulatory agencies, scientific, or technical 
societies and associations in the field, engineers 
employed in industry and operating personnel, 
and knowledgeable civic leaders, who meet with 
and advise the specialists on the schooFs staff. 
Such members serve without pay as interested 
citi/.ens. They enjoy no legal status, but provide 
invaluable assistance. The committee normally 
consists of about 12 members {but may range 
from 6 to 20), who generally serve for a 1- to 2- 
year period. The head of the institution or the 
department head of the technology is ordinarily 



rhinriiuni. Since suoh poopio arc always busy, 
Uu' tnct'iinKs shtutlii he callod only svhcn co?n 
niilteo art ion can host hanHle a specific task or 
prohlom. 




Kij;un' Large cydones nrrnn'e hvavy dirt fiarticU-s 
Jnnti the discharge gases of a pouter boikr. 




Kiguro 17- iftdustn'nt eteetnjstatif: previpUators can 
hfwdk thitunauds of vuhir feet nf yas per minute and 
remme net r UWh* nf the f>artirutales. 



Tho conimilteo assisls in surveying and defin- 
ing the need for the technicians; the knowledge 
and .skills ihey will require; employment oppor- 
tunities: available student population; curricu- 
kim, faculty, laboratory facilities *and equip- 
ment; cost and financing of the i)rogram. When 
the studies indicate that a program should bo 
initialed, the commiltce*s help in planning and 
implementing it is invaluable. 

Frequently the committee substantially helps 
school administrators to obtain local funds and 
state and federal support for the program* 
When the graduates seek employment/ the 
committee aids in placing them in jobs and in 
evaluating their performance. Such evaluations 
often \vill result in minor modifications, which 
more closely relate the program to employment 
re(juirements. 




Figure 18- A veuturi scrubber and separator iank do an 

effect iee job of cleaning the gases fnm a time kiln. 
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Figure 19- A simple rooftop tyclone can efficiently remove heavy particulate matter from a discharge gas stream. 



The advisory committee can use this guide, 
designed primarily for planning and develop- 
ment of full time preparatory programs in post 
high school institutions, as a starting point and 
modify It to meet local needs. The program can 
also form the basis for courses to meet the 
requirements of employed adults who wish to 
upgrade or update their skills and technical 
capabililies. In this way the school administra- 
tion, with the help of ihv committee and special 
consultants* can effectively initiate the needed 
program, quickly develop it to a high level of 
excellence, and maintain it timeliness. 

Very likely this guide will be adapted to suit 
various situations in schools in differing locali- 
ties. The assistance of an advisory committee 
and of special consultants has been found to be of 
much value in initiating and developing pro- 
grams. The courses in guides such as this one 
have often been modifitd by schools and their 
advisers to serve em|)loyed adults who need to 
update or upgrade their skills and technical cap- 
abilities. 
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The program is not intended to make an in- 
dividual student proficient in all the duties he 
might be asked to perform, Proficiency in highly 
specialized work will come only with practice 
and experience. It is impossible to forecast the 
exact requirements of the duties assigned to any 
technician, and it is almost impossible to predict 
accurately the course or rate of change of vari- 
ous technologies. Employers generally recognize 
that the recent engineering graduates may 
recjuire a year or more to obtain the specific 
training they need and to orient themselves to 
their responsibilities and role in an organization. 
Similarly, employers;of newly graduated air pol- 
lution technicians must generally expect to pro- 
vide a three- to six-month period of orientation 
on the job. Furthermore, the productive grad- 
iiatt^ technician will continue to study through- 
out his career in order to develop to his fullest 
cafKibilities. 

More' detailed information on advisory com- 
mittees and their functions is contained in the 
book ' The Hole of the Advisory Committee in 
Occupational Education in the Junior College" 
by Albert J. Riendeau, American Association of 
.Junior Colleges, Washington, D.C. 1967. 



THE CURRICULUM 



Course Requirexnents 



Course 

First Semester 

Atmospheric Pollution 

Air Pollution Sampling & Analysis I . . . 

Math^'matics I ..... 

Chemistry I — ................... . . 

Communications Skills 

Total ....................... 



Second Semester 

Air Pollution Sampling & Analysis II 
Mathematics II , . .... ...... . . . . 

Chemistry 11 . /. . . ... . 

Physics I . . . ........ 

Technical Reporting 

Total 



Third Semester 

Sources of Air Pollution .... 

Air I'ollution Instrumentation 

I^hysics II 

Biology 

Total ............. 



Fourth Semester 

Meteorology , , 

Air Pollution Control / 

Air Pollution Sampling & Analysis III 

Introduction to Wastewater Technology* 

Industrial Organizations, Institutions and Government 

Total 

•Optional Alternate Course: 
IVinciples of Sotid Waste Management 



Hoyrs Per Week 
ijibora- Outside 
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Briet Description 
of Courses 



Atmospheric PolluMon 

As an introduction to the air pollution 
problem* this course considers the classi- 
fication of pollutants* and their effects on 
man. plants and materials. Also studied 
are legal aspects of pollullon control ad- 
ministration. 



Air Pollution Sampling and 
Analysis I 

Basic air pollution sampling and analysis 
procedures with emphasis on ambient 
testing are studied; Duslfall suspended 
particulates, oxides of sulfur, hydrocar- 
bons» and other contaminants are consid- 
ered in detail. 



Mathematics I 

This introductory course stresses ap- 
plication of the basic concepts of logic, 
sets, algebra, probability/ analytic 
geometry and trigonometry to represen- 
lalive problems in air pollution. Attention 
is given to the construction and analysis 
of tables, flow diagrams and graphs. 

Chemistry I 

Selected fundamental concepts of chem- 
istry and their practical application to the 
origin and control of air pollutants are 
studied in this first chemistry course. 
Kxperimental work stresses safety and 
accuracy in performing measurements 
and other laboratory techniques required 
of the air pollution technician. Lecture 
topics include the structure and proper- 
ties of matter, periodic classification of 
the elements, chemical bonding, elemen- 
tary stoichiometry, the gas state and at- 
mospheric chemistry. 



Communications Skills 

This course is designed to increase com- 
petence in reading, writing and talking, 
and understanding oral instructions. 



Air Pollution Sampling & 
Analysis II 

This course concludes the study of am- 
bient testing methods, and serves as an 
introduction to the basic methods of 
source sampling, including measurement 
and calculation of gas flow rate, humidity 
and psychrometry, ideal gas laws and 
their applications. 



Mathematics II 

The second math course is an extension of 
the concepts presented in Mathematics I, 
supplemented with an introduction to the 
differential calculus and a brief survey 6f 
basic computer programming. Statistical 
analysis and treatment of data are also 
introduced. 



Chemistry II 

The final course in this sequence contin^ 
ues the study of descriptive chemistry 
and its application to the origin and con* 
trol of air pollutants. Experimental work 
includes a variety of analytical tech* 
niques. Lecture topics include the chem- 
istry of solutions, typical properties and 
reactions of the element families, corro- 
sion, nuclear chemistry, organic and bio- 
logical chemistry. 



Physics I . 

The basic principles of mechanical and 
thermal physics and their applications are 
considered here. liaboratory exercises 
stress applications to actual situations. 



Technical Reporting 

A study of effective ways of presenting 
•n formation, wtth emphasis on the use of 
graphs, drawings* sketches and outlines 
for various types of oral presentations 
and written reports. 



Sources of Air Pollution 

A study of general and industrial pro- 
cesses which are actual or potential con 
tribulors to air pollution. Attention is 
focused on agriculture, transportation, 
industrial manufacturing and processing 
and solid waste disposal. Source emission 
inventories are also studied. 
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Air Pollution Instrumentation 

A study of the application of pneumatic, 
electronic, mechanical and chemical sys- 
tems to the measurement of air pollu- 
tants. Accuracy ol measurements^ proper 
use of instruments and calibration tech- 
niques are also considered. 



Physics 11 

Electricity and magnetism, electronic in- 
strumentation and work, energy and 
power. Principles stressed in lectures are 
reinforced in laboratory exercises de- 
signed to provide practical applications. 



Biology 

This course is concerned with basic con- 
cepts of environmental biology. Such con- 
cepts as energy flow, ecological niche, en- 
vironmental resistance and various fac- 
tors contributing to the upset of such bal- 
ance are considered, Also studied are the 
various measures needed to restore the 
balance in the ecosystem. 



Meteorology 

Fundamental meteorological measure- 
ments and laws governing the atmos- 
pheric variables are presented. An intrp- 
duction to solar radiation» adiabalic pro- 
cesses and stability, and weather analysis 
anfl forecasting. Diffusion from a continu- 
ous source is discussed in detail. 



Air Pollution Sampling and 
Analysis III 

This course is a continuation of source 
sampling methods. Isokinetic sampling* 
gas metering, absorption trains, imping- 
ors and analytical procedures are studied. 

Introduction to Wastewater Technology* 

An Introduction to the basic concepts of 
wastewater sources, treatment and ef- 
fects of treated and untreated waste- 
water on receiving bodies of water. 



Industrial Organizations, Institutions 
and Government 

A study of the roles played by iabor and 
management in development of American 
industry. Analysis i.s made of forces af- 
fecting labor supply, employment and in- 
dustrial relations in a democratic system 
of government. 



*Altemute Course: 

Principles ol Solid Waste 
Management 

The origin and classification of solid 
wastes are studied in this course, Also 
considered are methods of collection, dis- 
posal and management of solid waste pro- 
grams. 



Air Pollution Control 

Equipment and methods for the control of 
airborne pollution are studied. Specific 
topics include process and system control, 
centrifugal force and gravity methods^ 
filtration, electrostatic precipitation, 
scrubbing, absorption and combustion* 
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Content and Relationships 

Functional competence in a broad field such as 
Air Ppjiullon Technology has at least three com- 
ponents around which the curriculum must be 
designed. 

I. The training should prepare the graduate 
to he a productive employee in an entry- 
level job. 

2* The broad technical training, together 
with a reasonable amount of experience, 
should enable the graduate to advance to 
positions oj increasing responsibility, 
ti. The foundatiohs provided by the training 
must be broad enough to enable the grad- 
uate to do further study within his field. 
This further study may consist of reading 
journals, studying text materials, or en- 
rolling in formal courses. 
The curriculum has been designed to meet 
these re(|uirements. 

A two-year technology program has certain 
unusual requirements that influence the content 
and organization of the curriculum. Some of 
these requirements are imposed by the occupa- 
tional functions that graduates are expected to 
perform; some requirements result from the 
emphasis of control agencies and industry on 
particular areas of air pollution sampling, analy- 
sis and control; and others result from the lim- 
ited lime available to produce a competent tech- 
nician in such a diverse field. This curriculum 
guide reflects three basic requirements: func- 
tional utility, units of instruction in specialized 
technical subjects, and provision for the teach- 
ing of principles of application. 

The sequence of courses in a two-year techni- 
cal curriculum is as important as the content of 
the courses if the limited time available is to be 
used most effectively. In genera!, the subject 
mailer is carefully coordinated in groups of con- 
current courses vs^hich are arranged to progress 
smoothly from one group of courses to the next. 
The student thus gains a deeper understanding 
of basic i>finciples while broadening his scope of 
understanding in the many diverse areas of this 
field. This is in sharp contrast to the arrange- 
ment of ihv usual professional curriculum in 
which baeic and somewhat unrelated courses 
make up the first part of the study program and 
specialization is deferred to subsequent terms. 

The relationship between laboratory time and 
class lecture or theoretical study time is of great 
importance in a technical education curriculum. 
^ All of the theory, skills, techniques, and applied 
principles needed by the technician could be 
taught in the laboratory without separate and 
Q rganized theoretical classes. The converse is 
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not irue - laboratory experience, skills and 
capability which are the most characteristic 
attributes of technicians cannot be acquired In 
classrooms unthoui laboratories. However, organ- 
ized and related ideas, concepts, and factual in- 
formation can be taught in ''theory" classes, if 
the instructor judiciously uses demonstrations 
and visual aids, employs selected texts and re- 
ferences, and requires regular and systematic 
outside study by the student. Group teaching 
usually makes more efficient use of the instruc- 
tor's time in a "theory" class than in a laboratory 
and tends to emphasize the development of the 
student's skills in obtaining knowledge from 
printed sources. Thus, there must be a special 
relationship between the amount of the scientific 
and technical specialty taught in the **theory" 
classes and that taught in the laboratory, L#abor- 
atory work can be started before the student 
knows much underlying theory. As soon as the 
underlying theory can be developed and he un- 
derstands it. it can be incorporated into the la^ 
lx)ratory work— which then becomes more sig- 
nificant in leaching the subjects in depth* 

Since many basic laboratory skills will have 
been learned in the first year, and since some 
basic theory underlying the new material will 
have been acquired, the laboratory time re- 
tjuired to illustrate principle and to teach new 
material in second -year courses need not be as 
long as in the first year. Since more technical 
specialty courses are studied in the second year 
than in the first, the total laboratory time is 
greater than that in the first year. Experience 
has show n that the relative number of semester 
hours of science or laboratory work in the tech- 
nical specialty compared to class theory hours 
should not he reduced materially. Such a reduc- 
tion usually causes the typical student to lose in- 
terest and fait or to nbandon the course; or it 
produces a graduate who is deficient in the ab- 
solutely essential laboratory capabilities and is 
unemployable at the technical level. 

In technical curriculums it is mandatory that 
some specialized technical course work be intro- 
duced in the first semester. Deferring this intro- 
duction even for one term imposes serious lim- 
itations on the effectiveness of the whole curru- 
culum. An early introduction of the technical 
specialty has several important advantages: 
1. It provides motivation. Since the student 
is enrolled in school to study air pollution 
technology, it is important to start his 
training immediately in his specialty. 
When the first semester consists entirely 
of general subjects— mathematics, Kng- 
lish, social sttulies— technical students of- 
ten lose interest. 



2, !t makes it possible for the student to 
achieve greater depth of understanding 
in specialized subjects in the later stages 
of the two-year program. 

3. It enables the student to see immediate 
application of the principles he studies in 
the mathematics, chemistryr physics, and 
communication skills. 

Safety and precise laboratory techniques 
must be an underlying theme throughout the 
course of study. The technician's work often in- 
volves potential dangers that careful procedures 
combined with an understanding of the equip- 
ment and nujnial safety practice can avoid, In 
addition to protecting human life, eyes and body 
members, practice of careful workmanship will 
also protect the delicate apparatus (such as 
automated monitoring equipment and precision 
analytical balances) the technician uses Safety 
must be a constant preoccupation* and its prac- 
tice must be emphasized continually from the 
beginning of the course. 

Discipline in intellectual honesty must be a 
part of the training of any technician. He must 
report accurately what hn observes. Any modifi- 
cation of the observed data should be fully ex- 
plained in-his record of the work. False report- 
ing, if detected during the training of a techni- 
cian, should be dealt with severely by the in- 
structor. The original data recorded by an em- 
ployed technician or inspector may very well be- 
come evidence in a court of law and are there- 
fore of great importance. 

Throughout the course of study the student is 
trained in the scientific method of observation 
and in recording his observations in laboratory 
reports. He should learn to record his observa- 
tions 111 laboratory reports of field notebooks. 
Laboratory, reports are bound, journal-type 
notebooks which the student is required to 
maintain throughout his experimental labora- 
tory work. These reports carefully record data, 
compulations, sketches, diagrams, and related 
information, as well as observations and conclu- 
sions of the experiment* Field notebooks are 
used to record all data taken and observations 
made while the student is performing field work. 
The logical method of recording data and infor- 
mation provides a discipline in the technical cur- 
riculum consistent with the needs of employed 
technicians. 

From the total program the student should 
obtain a broad overview of the engineering and 
scientific aspects of air pollution technology. 
Field trips to regulatory agencies and industry 
are helpful in creating interest by showing what 
Q * pollution technicians do. 



Air Pollution Sfimpliyig nnd Analysis I in the 
first semester introduces the student to some of 
the simplified ambient air pollution monitoring 
methods and analytical techniques. During this 
same semester, /{tmospkeric Pollution covers 
the history and scope of the air pollution prob- 
lem. Also considered are health and economic ef- 
fects, legal aspects, air quality criteria and 
standards, and air pollution control administra- 
tion. 

In the second semester, Air Polhiion Sam- 
pling and Aiialysis II provides a continuation of 
ambient sampling methods with a consideration 
of some advanced analytical techniques. This 
course also introduces some of the elementary 
concepts of source sampling. Thd relationship 
between the specialized air pollution courses and 
chemistry is so direct that the chemistry courses 
should be given in the first two semesters. In 
these courses the student becomes familiar with 
properties of some common chemical elements 
and compounds, balancing chemical equations, 
stoichiometry and the gas laws. He also develops 
laboratory skills including the preparation of 
solutions and reagents and the proper use of 
delicate laboratory equipment. 

Mathematics I and // present a sequence of 
selected topics in algebra, trigonometry, analy- 
tical geometry, and calculus, which make up the 
mathematics courses. The inclusion of calculus in 
Mathematics 7/ is not intended to make the stu- 
dent proficient in alt aspects of the calculus but 
rather to help him understand concepts which 
will permit him to use the calculus as a basic tool 
in analyzing problems and in communicating 
with engineers. 

Industrial chemistry and processes form an 
indispensible foundation for the third semester 
course Sources of Air Pollution. Various manu- 
facturing, energy producing and chemical pro- 
cesses arc studied to gain an understanding of 
potential as well as actual sources of air pollu- 
tion. The preparation, use and interpretation of 
source emission inventories as a tool in estab- 
lishing and evaluating control programs are 
studied in detail. 

Air Pollution Instrumentation is designed to 
acquaint the student with some of the basic 
measuring instruments and how they function. 
He will learn to make simple repairs and adjust- 
ments and perform general maintenance as well 
as calibrate instruments. Consideration is given 
to the ways in which various types of systems 
such as electronic, pneumatic, mechanical and 
chemical can be used together to perform cer- 
tain functions. Some of the major types of in- 
strumental analysis techniques are studied. Ap- 



pcndix C presents some sample instructional 
materials derived from this course. 

In the fourth semester, Air Pollution Sum- 
pHng and Analysis ill provides a capstone for 
the field/laboratory sequence with a considera- 
tion of advanced source sampling topics. 
Meteorology includes the study of air pollution 
climatology, diffusion of air ' pollutants from 
point sources, weather forecasting, and move- 
ment of local, regional and planetary air masses. 

Air Pollution Control examines different 
types of air pollution control equipment, their 
applications, limitations and comparative cost 
data. Laboratory time is provided with this 
course to take field trips in order to see installa- 
tions of the various equipment types studied. 

The student must become aware of the inter- 
relations between air and water poUulion and 
the disposal of solid waste. Often, the solution to 
an air pollution problem can create a water pol- 
lution condition, and vice versa. Introduction to 
Wastewater Technology is designed to supply 
an understanding of some of the basic problems 
in this area. Sources, quantities and composition 
of wastewater are studied, as are some of the 
methods of treatment and disposal. As an alter- 
nate to the wastewater course, the student may 
study the Pri7iciples of Solid Waste Manage- 
ment. This course consists of an examination of 
the solid waste problems; including sources, 
types and quantities and methods of collection. 
Major types of solid waste disposal such as in* 
cineration, composting and sanitary landfilling 
are compared in terms of the advantages and 
disadvantages of each. 

As important as knowledge about the rela- 
tionships between air* water and solid wastes, is 
the relationship of man with his total environ- 
ment. The Biology course is a study of some of 
these ties. Pkology, energy flow and biogeo- 
chemical cycles in ecosystems are examples of 
topics studied in this course. 

Communication Skills emphasizes the me- 
chanics of reading, writing, listening, speaking, 
and reporting early in the curriculum (first se- 
mester). In the second semester the student re- 
inforces his skills in Technical Reporting, In- 
structors in technical courses should set increase 
ingly high standards of clarity, conciseness, and 
neatness for student work in reporting, Free- 
dom to report on technical subjects of their own 
choice may add reality and extra motivation for 
technology students. In the final phases of the 
two-year program the standards of reporting 
should approximate those required by employ' 
ers. At the same time instructors should encour- 
age the students to develop individual style and 
l^ative by allowing him as much freedom as 



possible in reporting, consistent with estab- 
lished school standards. 

Not all reports should be of a type which re- 
quire a disproportionately large number of 
hours for preparauon. The judicious use of infor- 
mal reporting as well as formal reporting allows 
for training in both forms with the realism re- 
quired in employment, and adjusts the time re- 
quired of students in writing formal reports to a 
reasonable proportion of their time. 

The course outlines included In this guide are 
concise and comprehensive, intended as guides 
rather than as specific plans of instruction to be 
covered in an inflexible order. They represent a 
judgment on the relative importance of each in- 
structional unit, especially where time estimates 
are shown for the divisions within' each course. 
The instructor is expected td^supplement the 
principles outlined in these courses with practi- 
cal applications whenever relevant. Field trips 
add greatly to the effectiveness of the instruc- 
tion if they are carefully planned so that stu- 
dents understand the work they observe, and 
relate it to the subject material they are study- 
ing at the time of the trip. Operational safety 
should be emphasized in field trip studies, and 
liability insurance covering the students on such 
trips should be provided by the institution. 

Outside study is a significant part of the stu- 
dents total program. In this curriculum, 2 hours 
of outside study time are suggested for each 
hour of scheduled class time. For example, a 
typical weekly work schedule for a student in 
the first semester of this curriculum would be: 
class attendance, 14 hours; laboratory, 9 hours; 
outside study, 28 hours— a total of 51 hours per 
week. This is a full schedule, but not excessive 
for this type of program. 

Whenever possible, summer employment in 
the air pollution field should be arranged for the 
student between the second and the third se- 
mester. Often local control agencies and indus- 
try will cooperate with such a program because 
ihcy need relief workers during the vacation 
season. Some institutions may organize employ- 
ment experience as a part of a cooperative plan, 
plan. 
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COOPKHATJVK EDUCATION PLAN 

This technology is adaptable to a cooperative 
arrangement: a plan which offers important ad- 
vantages (o students, (o the school, and to em- 
ployers of technicians, A cooperative education 
profj^ram is a plan for a student to learn through 
coordinated study and employment experience. 
The student alternates periods of attendance at 
the institution where he is receiving his techni- 
cal education with periods of employment in 
public control agencies or industry, The employ- 
ment constitutes an essential element in his edu- 
cation. The student's employment should be re- 
lated as closely as possible to some phase of the 
field of study in which he is engaged. 

When a student tests his knowledge of theory 
in a work situation, study becomes more mean- 
ingful. The CO op student teams not on5y the es- 
sentials of his technology but also the impor- 
tances of reliability, cooperation^ and judgment 
as an employed worker in his chosen field. 

Th? co-op student's career choice ts stimulated 
and shaped by his work experiences. If he finds 
satisfaction in his work, he returns to the class- 
room stimulated to learn as much as possible 
about his future career. If he finds through his 
work experience that he is not fitted to a specific 
area of work, he may decide to change his major 
field of study when he returns to the college. 
This decision may prevent him from wasting his 
time and money on a misguided choice of study. 

A class of students in cooperative technical 
programs usually spends the first semester or 
the first two quarters in school; then it is divided 
so that half the students have a semester or 
quarter of employment experience while the 
other halt contines to study. During the next se- 
mester or quarter, the half who have worked rc^ 
turn to their formal studies at school while the 
olher half are employed* They usually alternate 
again so that each student has two semesters or 
at least two quarters of work experience in his 
program. The student's technical program is 
lengthened beyond the curriculum outlined in 
this document by an amount of time equal to the 
total length of the employment experience. 

Specific employment is obtained, as circum- 
stances permit, by the educational institution 
with the cooperation of the student. The institu- 
tion regards the work-experience program as an 
integral part of the technician program as a 
whole, it is not regarded primarily as an oppor- 
tunity for earning, although each student while 
working is paid at the prevailing wage scale for 
the job he holds. Work reports by both the stu- 
dent and the employer are submitted to the 
Q school work program coordinator, 
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The cooperative work-experience program is 
an opportunity tor the student to gain directly 
related experience which makes him more valu- 
able as an employee. As a result of their work- 
experience in particular establishments, many 
students have been offered permanent positions 
upon complt^iion ot their schooling* Cooperating 
establishments agree, however, not to make of" 
fers of employment which become effective be- 
fore the technician completes his program. 

Cooperative programs provide opportunities 
for the educational institution to maintain close 
contact with employers in their various pro- 
grams. This contact becomes a two-way channel 
of communication which helps the educational 
institution to keep its knowledge of specific em- 
ployer needs in each technical field up to date, 
and at the same time keeps employers ac- 
quainted with and involved in the program of 
the institution. 

SUGGESTED CONTINUING STUDY 

A two-year curriculum must concentrate on 
the primary needs of science, mathematics, and 
the related knowledge and skills in the technical 
specialty necessary to preparing the student for 
employment upon graduation. 

Obviously, a two-year program cannot cover 
in depth all of the subjects pertinent to the tech- 
nology; certain important, related subjects may 
only be touched upon. In addition, the graduate 
may obtain work in an area of the industry so 
new that adequate coverage in the training pro- 
gram has not yet been developed. 

For these i^^asons, some form of continuation 
of study for graduates of technology programs is 
desirable. The student can keep abreast of the 
technical developments in his special field by 
reading the current literature related to the 
technology, by attending meetings of scientific 
and technical societies, and by study on his job. 
Such study tends to build on the organized, 
technological base provided by the curriculum 
he studied. Formal continuation of supplement 
tnry courses provides the most efficient and 
practical means for the graduate technician to 
add imporicint knowledge and skill to broaden 
the base of his initial education. Formally organ- 
i/.ed courses have the advantages of systematic 
arrangement of subject matter, disciplined and 
compi^ent teaching, and class discussion. They 
may be scheduled for evening or Saturday hours 
outside of the graduate technician's working 
day. 

Hapid advances in the basic science and engi- 
neering principles of air pollution technology 
will require a continual updating of knowledge in 



the employed griuUialo Icchnician. 

Some continued study suggosled for the grad- 
uate might include the following fields or sub- 
jects: 

Advanced Air Quality Studies 
Advanced Chemical Analysis 
Chemical Process Control 
Conservation 
I)ata Processing 
Economics 

Bngineering Drawing 
Instrumental Analysis 
Meteorology 
Microbiology 

Noise Measurement and Control 
Physics and Matheinalics 
Solid Wastes Management 
Supervision & Management 
Wastewater Technology 

COURSE OUTLINES 

The courses outlined suggest the content 
which might be taught in the curriculum. These 
materials provide a practical and attainable cov- 
erage of the field and have been reviewed by ex- 
perienced instructors in successful educational 
programs for air pollution technicians and by ex- 
perts representing employers of such techni- 
cians. 

Successful programs can be conducted as se- 
mester, quarter or trimester systems. The two- 
semester a year system illustrated in this docu- 
ment can be changed into three quarters or 
terms if advisable to meet community needs. 
Course content can be distributed over six quar- 
ters, since the total time in six quarters is ap- 
proximately the same as in four semesters. 

The materials will very likely be modified to 
fill local needs and to take advantage of special 
interests and capabilities of the teaching staff; 
but the implied level, quality, and completeness 
of the program should not be compromised. 

No examinations have been scheduled in the 
outlines. It is clearly intended that time be avail- 
able for examinations. Therefore, a 17 week se- 
mester is assumed, and the outlines are de- 
signed to cover a full 16 weeks. The primary 
objectives of examinations would be to evaluate 
the student's knowledge and cause him to make 
a periodic, comprehensive review of the material 
presented in the course. The results of examina- 
tions may also point out weaknesses in teaching 
techniques or subject matter covered. 

At the end of each course there is a list of text 
and reference materials. Each should be ana- 
lyzed for its content and pertinency* and new 
and more suitable ones should be used if they 
Q available. The information needed to cover a 
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particular course in technician curriculums, par^ 
ticularly the technical specialty courses, is al- 
most never available in one textbook; hence the 
multiple listing of references. They should usu- 
ally be considerably augmented by current ma- 
terials from manufacturers, trade journals, 
technical societies* and suppliers of equipment 
and materials in the special field of applied 
science being studied. 

Suggested visual aids are listed for many 
courses. Each should be used when pertinent 
and when its use will teach more efficiently than 
any other method. Excessive skotmng of films at 
the expense of wetl-prepared lectures and dem* 
onstradons is to be avoided. The suggested 
outside study periods may well be used instead 
of class lecture time for the showing of some 
films. All visual aids should be examined by the 
instructor before Ihey are shown. Those listed 
after courses usually show name and address of 
supplier, size in mm., minutes required for 
showing, and whether they are sound or silent. 
This provides the necessary information for se- 
lection to fit projection equipment. 

The experienced instructor is expected to 
make liberal Use of charts, slides, models, sam- 
ples, drawings, and specimens which illustrate 
special technical aspects of the subject. He usu- 
ally accumulates them from the experience in 
previous laboratory or lecture preparations and 
updates regularly when new developments re- 
i|uire it. They are too specific for any attempt to 
be made to list them in this guide. 

The laboratory sessions suggested in the out- 
line and in the bourse descriptions are not neces- 
sarily intended to be a single session but rather 
to be scheduled in reasonable and effective in- 
crements. For example, a 6-hour laboratory total 
per week for a course might be scheduled as two 
3-hour sessions, or any other divisions of labora- 
tory time that seem appropriate, 

It will be noted from the Curriculum Outline 
that several alternative courses are included in 
the curriculum. These courses, outside the air 
pollution specialty area but rebted to the broad 
environmental technology field, .ire intended as 
options for the institution and the student. Thus, 
depending on the interests of, and resources 
available to the institution, it might be desirable 
to offer either or both of the optional courses. 
The decision as to whether to offer these courses 
would depend on several factors including the 
background and expertise of the faculty, local 
industrial installations, student interests, etc. 
Offering the optional courses would provide 
greater flexibility to the program and allow the 
student to choose among the options those most 
closely allied with his employment goals. 



TKCHNICALCOUllSKS 



L The Air Pollution ProblDm 



ATMOSPHERIC I^OLIAITION 



Hours Per Week 



Description 

Air pollution is considered in several differ- 
ent aspects as i n urgent problem confront- 
ing a largely urbanized technologically- 
based society. Starting with several work- 
ing definitions of air pollution, the student 
examines types of pollutants* their signifi* 
cant chemical and physical properties and 
their most common sources. A historical re- 
view of air pollution precedes a considera^ 
tion of the effects of common air pollutants 
on man and animals, the atmosphere, vege- 
tation and varioiK kinds of materials* A 
brief overview of meterorotogy is included 
to indicate the importance of this science to 
the control of air pollution. The student is 
introduced to some of the major considera- 
tions of ambient and source sampling tech- 
niques* Major types of control equipment 
are then considered* followed by a study of 
the importance of air quality criteria and 
standards^ and the major elements of an air 
pollution control program. 



Major Divisions 

Class 
hours 



I, The Air Pollution Problem .... 3 

II. Historical Review of Air Pollution 2 

III. Air Pollutants and Their F:ffects . 8 

IV. Sources & Levels of Air Pollution 6 
V, The Role of Meteorology in Air 

Pollution 3 

VI. Air Pollution Sampling and 

Analysis . . / 4 

VII. Prevention and Control of Air 
Pollution 4 

VIII. Air Quality Criteria and 

Standards 9 

IX. Air Pollution Control Programs , 9 
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A. Working definitions of air pollution 

1. Recognition of the problem 

2. Public health aspects 

3. Determining safe levels of emissions 
I. Relationship to air quality standards 

B. Characteristics of pollutants 

1. Man made and natural pollution 

2. Airborne particulates 

a. Smoke 

b. Fog 

c. Haze 

d. Dust 

3. Gases and vapors 

4. Radioactive fallout 

C. Concentrations of pollutants 

1. Common methods for expressing con- 
centrations 

a. Smoke density 

b. Particulates, suspended 

c. Dustfall 

d. Gases 

e. Radioactive materials 

f. Unit conversions 

2. Standard conditions 

a. Pressure 

b. Temperature 

c. Moisture content 

3. Literature sources of typical air pollu- 
tion levels 

a. Environmental Protection Agency 
publications 

b. Other bibliographic references 



IL Historical Review of Air Pollution 

A. Smoke (13th Century) 
H. Sulfur dioxide (1600 A.DJ 

C. Industrial revolution (1760 A*D.) 

1. Chemical process industries 

2. Metallurgical processes 

D. Smog U943) 

E. Major air pollution crises 
L Mouse Valley, 1930 

2. Donora, Pennsylvania, 1948 

3. London, 1952 

4. New York, 1963» 1966 

5. Similarities and dissimilarities 

a. Topography 

b. Morbidity and mortality 

c. Meteorology 

d. Emission sources 
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111. Air Pollutants and Their Effects 

A, Effects on the atmosphere 
h Visibility 

a» Particulates 

b. Nitrogen dioxide 
2. Climate 

a. Carbon dioxide 
b* Particulates 

c. Vapor trails 

B. Air pollution and vegetation 

1. Sulfur dioxide 

a. Absorption by plants 

b. Reducing property of SO? 

c. Sulfate toxicity 

d. Local injury 

e. Plant species susceptible to SO2 
injury 

2. Fluorine compounds 

a. Absorption by plants 

b. Fluoride lesions on plants 

c. Plant species susceptible to fluoride 
injury 

3. Smog 

a. Reducing (London type) 
tl> SO2 

[2) Particulates 

b. Oxidizing (L. A. type) 

(1) Ozone 

(2) Acid aerosols 

(3) Hydrocarbons 

(4) Oxides of nitrogen 

(5) Synergistic effects 

(6) Plant species susceptible to 
smog damage 

4. Miscellaneous pollutants affecting 
vegetation 

a. Chlorine 

b. Hydrogen chloride 

c. Ammonia 

d. Hydrogen sulfide 

5. Economic aspects 

a. Decrease in production area 

b. Decrease in yield 

C. Effects on materials 

1. General material damage 

a. Damage to textiles & clothing 

b. Damage to wallpapers and curtains 

c. Maintenance and paint work 

d. Corrosion of metals 

e. Erosion of statuary and buildings 

f. Damage to rubber 

g. Leather and paper 

2. Economic aspects 
a. Maintenance 

^ b. Shorter useful life 
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c. Special protection 

d. Over design 

D. Effects on animals 

L Morbidity/mortality associated with 
air pollution episodes 

2. Domestic pets 

3. Poultry 

4. Large farm animals 
5v Endangered species 

6. Air pollutants affecting animal health 

a. Oxidants 

b. Fluorides 

7. Economic effects 

E. Effects on human health 

L Morbidity/mortality associated with 
air pollution episodes 

a. Meuse Valley, Belgium (1930) 

b. Donora, Pennsylvania (1948) 

c. London, England (1952) 

d. Los Angelesi California 

e. Poza Rica» Mexico (1950) 

f. New York 

2. Sulfur dioxide and sulfur trioxide 

3. Ozone 

4. Particulates 

5. Pollutants resulting in systematic 
effects 

a. Carbon mo ^<\e 
h, B<*rylliun- 

c. Fluorides 

d. Aeroallergens 
c. Carcinogens 

f. Insecticides 

6. Miscellaneous effects 



IV» Sources and Levels of Air Pollution 

A. Transportation 

1. Contribution 

2. Major pollutants 

a. Carbon monoxide 

b. Hydrocarbons 

c. Nitrogen oxides 

3. Specific sources from internal com- 
bustion engines 

a. Exhaust 

b. Evaporation 

c. Crankcase blow-by 

B. Fuel combustion in stationary sources 
L Contribution to overall air pollution 
2. Major pollutants 

a. Sulfur oxides 

b. Nitrogen oxides 

c. Particulates 



3. Source types 

a. GaS'burning 

b. Oil burning 

c. Solid fuel buri>ing 

C. Industrial processes 

I* Contribution to overall air pollution 

2. Major pollutants 

a. Carbon monoxide 
b« Particulates 

c. SuUur oxides 
d» Hydrocarbons 

3, Process types 

a* Petroleum refining 

b. Nonmetallic mineral products 

c. Metallurgical processes 

(1) Ferrous 

(2) Nonferrous 

d. Inorganic chemical processes 

e. Pulp and paper industry 

f. Pocid and feed industry 

D. Incineration of solid wastes 
1/Contribution to overall air pollution 
2* Major pollutants 

a. Carbon monoxide 

b. Hydrocarbons 
c* Particulates 

E. Misceitaneous sources 

1. Contribution to overall air f>oiiution 

2. Major pollutants 

a. Oxides of carbon, sulfur and 
nitrogen 

b. Particulates 

c. Hydrocarbons 

3. Specific sources 

a. Forest fires 

b. Agricultural burning 

c. Coal waste fires 

d. Pollen producing vegetation 



V. The Role of Meterology in Air Pollution 

A. Dilution of pollutants 

1. General winds 

a. Speed 

b. Direction 

c. Wind roses 

2. Local winds 

a. Sea-breezes 

b. Effects due to topography 

3. Turbufence 

a. Mechanical 

b. Thermal 

4. Lapse rates 

a. Adiabatic 

b. Unstable 
' c. Stable 

O d. Inversions 
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B* Natural removal of pollutants 

1. Gravitational settling 

2. Precipitation 

a. Removal of particulate matter 

b. Removal of gaseous contaminants 

3. Surface impaction 

VL Air Pollution Sampling and Analysis 

A. Reasons for sampling 

L Meeting occupational health standards 

2, Determining ambient concentrations 
of pollutants 

3, Locating the origin of pollutants 

4, Determining the efficiency of control 
equipment 

B. Approaches to sampling 

1. Sampling emissions from individual 
stacks 

2, Community air sampling 
C* Sampling particulate matter 

1. Visual methods 

a« Ringelmann charts 

b. Photometric devices 

c. Nephelometer 

2. Settling devises 

a. Chambers 

b. Petri dishes 

c. Microscope slides 
d* Fallout containers 

3. Filtration devices 

a. Sampling trains 

b. Membrane filters 

c. Hi-vol samplers 

d. Tape sampler 

D. Sampling gaseous pollutants 

1. Static samplers 

a. Lead dioxide candles 

b. Sulfation plate 

c. Deterioration of rubber 

d. Limed filter paper 

e. Fabric panels 

2. Sampling trains 

3. Automatic sampling devices 

4. Vegetation analysis 

5. Grab sampling 

VIL Prevention and Control of Air Pollution 

A. Control by site selection and zoning 
L Planning and land use 

2. Zoning ordinances 

3. Large air pollution zonin;^ jurisdictions 

4. Inter-state compacts 

5. International agreements 

6. Plant location 
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R. Control by process change or equipment 

1. Process changes 

a. Substitution of raw materials or 
fuels 

b. Modification of equipment 

c» Improvement of operating proce- 
dures 

2. Application of control equipment 

a. Gravity settling chambers 

b. Inertial separators 

c. Cyclonic separators 

d. Filters 

Electrostatic precipitators 

f. Scrubbers 

g. Incineration 

C. Meieorological control 
L Use of tall stacks 
2. Use of optimum dispersion conditions 

VIII. Air Quality Criteria and Standards 

A. Air quality criteria 

1. Criteria for biological effects 

2. Criteria for physical effects 

B. Air quality standards 

t. Distinction between i^tandards and 

threshold limit values 
2, Setting standards 

a. Using air quality criteria 

b. Using another community's stand- 
ards 

c. Using earlier levels 

d. Establishing air quality regions 

C. Emission standards 

\. Setting emission standards 

a. Using air quality standards 

b. Using process, fuel, and equipment 
information 

2. Typical emission standards 

a. Objective standards 

b. Subjective standards 

D. Miscellaneous standards 

1. Buffer zones 

2. Stack heights 

3. Equipment 

4. Kuel 

5. Tests 

IX. Air Pollution Control Programs 

A. Objectives 

1. Preserve the health and welfare of 
man 

2. Protect plant and animal life 

3- Prevent damage to physical property 
4. Provide visibility for safe transporta- 
tion 



5. Ensure an esthetically acceptable and 
enjoyable environment 

B. Governmental air pollution control 
programs 

1. Local governmental programs 

2. State -governmental programs 

3. Interstate governmental programs 

4. Federal governmental programs 

C. A typical afr pollution control program 

1. Defining air pollution problems 

a. Emission Inventories 

b. Air quality measurements 

c. Monitoring air pollution effects 

d. Comp'.sints 

c. Visual detection 
f. Source sampling 

2. Correcting problems 

a. Preparation of air quality standards 

b. Preparation of emission control 
regulations 

c. Enforcement of laws and regula- 
tions 

d. Air pollution alert system 



Texts and References 

AMEniCAN ASS0CIAT[0N FOR THE ADVANCEMENT 

or SCIENCK. Air Comervatvon. 
(X^KMAN. Air PoUution Primer. 
LfclNWAND. Air and Water Pottuii(m. 
STERN. Air PoUution, Vol. 1, 2 and 3. 
TTKESHOW. Whatever Happened to Freth Air r 
WirJ.IAMS ANfi KDMISTEN. An Air Resource Manage- 

mvnt Pktn fur the SMhviUe Metropoitfan Area. 
WORM} IIf:ALTH ORGANIZATION. Air PoUution. 



Visual Aids 

V. S. Public Heallh Service, Audiovisual Faciiity, Atlanta. 

Ga. 30333, 

Ey/ecU of Air PoUution, MIS^78, 16 mm., 5 niin., color, 
sound. 

PqU Over our Citiei, MIS-985, 16 mm.. 15 min., b/w, 
sound. 

TAe Kumnn Body: fiespiratory System, 16 mm.. 

Vi min., I'olor. sound. 

The Poisoned Air, M'141S X, 16 mm., 50 min., color* 
sound. 



AIR POLLUTION SAMPLING AND 
ANALYSIS I 



Hours Per Week 



Classi 2; Laboratory* 6 
Description 

In this laboratory based course^ the major 
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typea of ambient air sampling and analysis 
techniques are consider ed» Class periods 
are used primarily to introduce and discuss 
various aspects of ambient monitoring and 
to provide post-laboratory calculation and 
discussion sessions. The major emphasis of 
the course is directed toward the laboratory 
periods, in which the students get first-hand 
practical experience with survey sampling 
methods and analytical techniques. 
It will be noted that the specific topics 
pertaining to ambient particulate and gas- 
eous sampling methods receive major allot- 
ments of the total time available. This is 
done so that certain types of monitoring 
tests such as atmospheric sulfation levels, 
which require extensive reagent, test in- 
strument mal^eup and analysis^time are 
adequately provided for. It is also desirable, 
where time permits, to perform the same 
analysis on several sets of samples to gain 
additional proficiency with the method. 



Major Divisions 

Hour$ 

inbora- 
Clans iory 



L Principles of Ambient 

Sampling 2 3 

II. Methodology of Ambient 

Sampling 3 6 

III. Site Selection and 

Preparation 1 6 

IV. Data Collection and 

Reduction 1 3 

V. Sources of Comparative 

Data 1 3 

VI. Ambient Particulate 

Sampling Methods . .... 12 63 

VII. Ambient Gaseous Sampling 
Methods 12 12 



Total 32 96 



•L Principles of Ambient Sampling 

A. Units of instruction 

1. Reasons for ambient sampling 

a. Establish hazardous levels of pollu- 
tion 

b. Study the effects of control meas- 
ures 

c. Study the effects of a specific pro- 
cess or source on ambient pollutant 
concentrations 

O 2. Quantitative determination of atmos- 
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pherlc pollutants 

a. Collection of samples 

b. Refinemeht of collected samples 

c. Analysis of samples 

d. Calculation and presentation of re- 
sults 

3. Determination of sample size 

a. Minimum concentration of pollutant 

b. Sensitivity of analytical technique 

c. Trial and error procedure 

4. Determination of sampling rate 

a. Collection device 

b. Optimum flow rate 

5. Determination of sampling time 
. a. Average concentrations 

b. Pollutant concentration expected 

c. Optimum sampling rate 

(1) Sampling method 

(2) Equipment used 

d. Analytical procedure 

6. Miscellaneous considerations 

a. Changes in pollutants due to collec- 
tion method 

b. Changes in sample due to storage 

c. Use of automatic samplers 

d. Recommended units for results 

7. Physical properties of aerosols 

a. Settling velocity of particles 

b. Brownian movement 
c- Agglomeration 

B. Laboratory projects 

1. For the high volume filter sampler and 
a hypothetical concentration of par- 
ticulates, consider the following: 

a. Expected efficiency of the high 
volume sampler 

b. Weight of sample needed for analy- 
sis 

c. Minimum sample volume 

d. Optimum sampling rate 

e. Sampling time required 

f. Calculation and presentation of 
results 

2. Research the literature for the recom- 
mended units and expected ranges of 
data for each of the following: 

a. Particle fallout 

b. Airborne particulate concentrations 

c. Gaseous pollutant concentrations 

d. Particulate coutts 

e. Temperature 

f. Time 

g. Pressure 

h. Linear velocity 

i. Sampling rates 

3. Study the following instruments and 
practice using them to determine the 
physical properties of the ambient air* 
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a* Barometer 
b» F'ahrenhelt and Celsius 
thermometers 

c. Sling psychromoler 

d, Hair hygrometer 

IL Methodology of Ambient Sampling 

A. Units of instruction 

1. Sampling aerosol pollutants 

a. Filtration 

(1) Principles of filtration 

(2) Filter types 

(a) Fiber filters 

(b) Granular filters 

(c) Membrane or molecular 
filters 

(3) Particle size-collection effi- 
ciency relationship 

b. Impingement 

(1) Principles of impingement 

(2) Collection devices 

(a) Wet collectors 

(b) Impactors 

j3) Particle size-collection effic- 
iency relationship 

c. Dustfal! collection 

(I) Principles of collecting dustfall 
{2) Dustfall devices 

(3) Particle size-collection effici- 
ency relationship 

d. Precipitation 

(1) Principles of precipitation 

(2) Collection devices 

(a) Electrostatic precipitators 

(b) Thermal precipitators 

13) Particle size-collection effici- 
ency relationship 

e. Dust counters 

11) Light-scattering methods 
(2) Potentiometric methods 
2» Sampling gaseous pollutants 

a. Grab sampling 

(1) Principles of grab sampling 

(2) Grab sampling devices 

(a) Evacuated bottles and 
flasks 

(b) Plastic envelopes and bal 
loons 

(c) Cylinders 

(d) Chemically impregnated 
adsorbents or papers 

(3) Limitations 

b. Condensation or frcezeout tech- 
niques 

(1) Principles of frcezeout methods 
O {2} Freezeoul equipment and ma- 
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terials 

(a) Coolants 

(b) Wide-mouthed Dewar 
Vessels 

(c) Collectors (traps) 
(3) Limitations 

c. Absorption techniques 

(1) Principles of adsorption 

(2) Adsorbent properties 

(a) Granular 

(b) Low resistance to flow 

(c) High effective adsorption 
capacity 

(d) Inert 

(c) Resists breakage 

(3) Removal of adsorbate for anal- 
ysis 

(4) Limitations 

d. Absorption techniques 

(1) Principles of absorption 

(2) Absorption devices 

M Fritted glass scrubbers 

(b) Impingers 

(c) Packed columns 

(d) Countercurrent scrubbers 

(e) Atomizing scrubbers 

(3) Limitations 

B. Laboratory projects 

L Examine each of the following devices 
carefully. Pay particular attention to 
construction* maintenance, operation 
and auxiliary equipment requirements, 

a. High volume filter sampler 

b. Membrane filter and holder 

c. Cascade impactor 

d. Greenburg-Smith impinger 

e. Electrostatic precipitator sampler 
L Thermal precipitator sampler 

2. Sample the laboratory air using each of 
the following. Analyze the samples 
microscopically where necessary and 
plot a size distribution curve for each 
sample. 

a. Dust counter 

b. Cascade impactor 

c. Electrostatic precipitator sampler 

3. Discuss equipment requirements and 
sampling methods for each of the fol- 
lowing: 

a. Conducting a community survey 

b. F^stablishing the location of a source 
of pollution 

c. Measuring pollutant concentrations 
for occupational health 
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IIL Siti* SoieoUoa and Preparation 



A. Units of instruction 

1. Preparations for air pollution surveys 
a/ Air sampling networks (CAMP, 

NASN) 

b. Meteorological observation net- 
works 

c. Aeromelric station networks 

d. Air sampling stations 
(1) Type I 

{a) Dustfall buckets 
lb) Lead dioxide candles or 
plates 
^2) Type 11 

ia) Dustfall buckets 

(b) liead dioxide candles or 
plates 

(c) High volume filter sampler 
{d) Wind speed indicator 

13) Type III 

(a) Dustfall buckets » 

(b) Lead dioxide candles or 
plates 

(c) Wind speed and direction 

(d) Miscellaneous sampling 
equipment for sampling 
SOx. NOx, oxidants* and 

co' 

2. Criteria for selecting sampling sites 
a. Position of,sttes in relation to build- 
ings 

U. I*osition of sites in relation to trees 

c. Power availability 

d. Air sampling station supports 

e. Protection of stations from vanda- 
lism 

B. Laboratory projects 

L Make a field trip to an air sampling 
station. Observe the types of supports 
used, the types of samph'ng devices 
used and meteorological equipment 
present. What methods are used to 
discourage vandalism? 
2, Study maps of several community or 
regional air sampling networks. Inves^ 
tigate the reasoning behind the selec- 
tion of the sampling sites. Examine the 
results of the surveys. 

IV. Data Collection and Reduction 
A. Units of instruction 
L Collection of data 

a. Tabular forms 

b. Graphical (chart) readouts 

c. Digital readouts 
2. Data reduction 

Q a. Graphical techniques 
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(1) Frequency tables 
\2) Fre(|uency polygons 
(3) Histograms 

14) Cumulative frequency distribu- 
tion 

b. Particle data ^ 

(1) Frequency distribution curves 

(2) Cumulative distribution curves 

c. Data analysis 

(1) Measures of central tendency 

(a) Mean 

(b) Median 

(c) Mode 

(2) Measure of variability 

(a) Range 

(b) Standard deviation 
H. Ia\boratory projects 

1. Using a set of data representing pollu- 
tant levels for a given hour of the day 
for several days, construct the follow- 
ing: 

a. A frequency table 

b. A frequency polygon 
0. A histogram 

d. A cumulative frequency distribu- 
tion 

2. Plot a frequency distribution curve 
and a cumulative distribution curve for 
a set of particle size measurements. 

:3. For the set of data above, calculate the 
following: 

a. The median 

b. Mean, arithmetic 

c. Mean, geometric 

d. The range 

i\ The standard deviation 

V. Sources of Comparative Data 

A. Units of instruction 
L Survey reports 

a. Local surveys 

b. Regional surveys 

c. Continuous Air Monitoring Pro- 
gram 

d. National Air Sampling Network 
2. Publications 

a. Professional journals 

b. [Proceedings 

c. American Society for Testing Ma- 
terials 

d. tios Angeles Air Pollution Control 
District 

e. Environmental Protection Agency 
publications 

K Laboratory projects 

i. Locate one or more sources of air pol- 
lution data in your library. 



2, Kslimalo pollution lovols in your com- 
munity using available data on other 
communities. 



VI. Ambient Particulate Sampling Methods 

A. Units of instruction 

1. Dustfall containers 

a. Container design 

b. Container support and bird rings 

c. Sampling procedures 
(1) Exposure time 

<2) Use of water as collecting 
medium 

(3) Algicides and antifreeze 

(4) Locating stations 

d. Analysis 

(1) Screening 
12) Soluble solids 

(3) Insoluble solids 

(4) Presentation of results 

e. Standards for dustfall sampling 

f. Importance of dustfall sampling 

( 1 ) Indicating major sources of pol- 
lution 

(2) Indicating long term changes in 
pollutant levels 

(3) Indicating the effectiveness of 
control programs 

g. Advantages 

(1) Minimum equipment costs 

(2) Simplicity of collection 

(3) Simplicity of analysis 

h. Disadvantages 

(1) Collection area is small 
^2) Sampling does not allow detec- 
tion of peaks 

2. High volume filter sampler 

a. Equipment description 
{\) Filter adaptor 

{2) Fiber filters 
{3) Blower 

(4) Shelter designs 

b. High volume sampler calibration 

(1) Orifice calibration 

(2) Visifloat calibration 

(3) Plotting calibration curves 

c. High volume sampler operation 

(1) Sampling period 

(2) Sampling rate 

(3) Electrical requirements 

(4) Initial and final flow r?te meas- 
urements 

(5) Maintenance 

d. Analyses 
(1) Total weight of suspended par- 




ticulates 
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(2) Weight of solvent soluble frac- 
tions 
A3] Radioactivity 

e. Importance of high volume samples 
(1) Determining day-to-day pollu- 
tant levels 

l2) Assaying effectiveness of con- 
trol programs 

f. Disadvantages 

(1) Cost of sampler and shelter 

(2) Filter cost 

(3^ Electricity requirements 
(4) Maintenance and replacement 
costs 

3. Tape samplers 

a. Equipment description 

(1) Vacuum pump 

(2) Sampling nozzle 

(3) Automatic timer 

(4) Sampling tape 

(5) Transmissomcter 

b. Sampler calibration 

c. Sampler operation 

(1) Sampling period 

(2) Rate of flow 

d. Analysis 

e. Advantages 

iD Variation of sampling periods 

(2) Large number of readings per 
day 

(3) Automatic 

I4> Indicates soiling capabilities of 
particles 

f. Disadvantages 

(1) High initial cost 

(2) Need for electricity 

(3) Maintenance costs 

4. Miscellaneous particulate samplers 

a. Impingers 

b. Cascade impactors 
c Precipitators 

d. Membrane filters 

e. Anderson Samplers 

f. Sticky tape samplers 
B. Laboratory projects 

1. Conduct a community air pollution 
survey. Continue the survey for at 
least two months. 

a. Set up sampling stations in the 
commimity 

b. Prepare the following for the sur« 
voy: 

(1) Dustfall buckets 

{2) Lead dioxide candles 

|3> Sulfation plates 

(4) Optional apparatus 
(a> Corrosion plates 
(b) Rubber strips 
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(v) Silver coaled plates 
(lU Kabrio panels 
i\ Place the sampling ^ippamlus in Ihe 
comnuinily sampling stations 

d. Collect the sampling apparatus af- 
ter an appropriate length of lime 
and anuly/.e the samples 

2. Calibrate a high volume sampler and 
an automatic tape sampler. 

:i. Place the high volume sampler and 
tape sampler at pre selected sites in 
the community and operate for 24 
hours. 

4. Analyze the samples taken by the high 
volume sampler and the automatic 
tape sampler. Compare the results. 

5. Study each of the following devices 
and demonstrate their use; 

a. Rotorod sampler 

b. Cascade impactor 

e. Thermal and eJectrostatic precipita- 
tors 

6. Collect a sample of the particles in the 
laboratory air on a membrane filter. 
Also collect a sample of the particles in 
the outside air. Compare the samples 
under the microscope. 

VIL Ambient Gaseous Sampling Methods 

A. Units of Instruction 

1. Sampling by adsorption 
, a. Typical adsorbents 

11) Carbon 

(21 Silica gel 

(31 Activated alumina 

(4) Molecular sieve 

b. Contacting methods 

c. Regeneration of adsorbent 

2. Sampling by absorption 

a. Selection of absorbing solutions 

b. GasH(]uid contactors 

;i. Condensation techniques for sampling 
gases 

a. Sampling trains 

b. Freezing solutions 

(1) Ice salt 

(2) Dry ici^-acetone 
(31 Li(juid nitrogen 

c. Kstimaling sampling rates 

d. Analysis 

4. Grab sampling 

a. Hvaculated containers 

b. Purging 

c. nisplacemi^nt of a liquid 

d. Inflation of a plastic bag 

e. Syringes 

5. Analyses for specific pollutants 



a. Sulfur dioxide 

U) Colorimoiric SO2 detection 

(2) Time-discoloration measure- 
ments 

(3) Lead dioxide candles 

(4) Sulfation plates 

{5) Klectro chemical methods 

b. Hydrogen sulfide 

W) Lead acetate tost paper 
(2) Silver cyanide detector 
iS) AJ.S.I Hydrogen sulfide 
sampler 

(4) Cadmium hydroxide— methy- 
lene blue method 

c. Oxides of nitrogen 

U) Sampling train configuration 

(2) Preparation of Saltzman re^ 
agent 

(3) Preparation of potassium per- 
manganate 

{A) Spectrophotometric analysts 

d. Oxidants 

(1) Neutral-buffered potassium io- 
dide method 

(2) Rubber cracking method 

e. Miscellaneous techniques 

(1) Hydrocarbon analyzers 

(2) Halogen detectors 

(3) Fabric panels 

(4) Corrosion plates 

i5) Silver coated plates 

f. Carbon monoxide and carbon di- 
oxide 

H. Laboratory projects 

L Assemble a sampling train for sam- 
pling by the condensation (freeze-out) 
method. Discuss the problems asso- 
ciated with this method and discuss 
methods for analyzing the samples. 

2. Operate an automatic sampler with 
special tape for sampling hydrogen 
sulfide. 

3. Set up a 24 hour sequential sampler 
and sample for some of the following: 

a. Oxides of nitrogen 

b. Oxidants 

V, Oxides of sulfur 
d. Organic compounds 
i\ Inorganic gases 



Texts and References 

AMKKK AN SOCIKTY FOK Tl-^STINC MATKRIAliS, 

hidi x to ASTM Standards, 
SMKl':UV AND OTHKKS. Handbook of Air PoUutim, 
STKHN. Air P(filidwn, VoK 2. 

t\S. P; HLir liKAMIl SKUVICK. Air Pollution Afeasure- 
J}} <■ n i s of i h ! Sa i iona I Air Sa mpiing i^e (work. 
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WOHLO HKAI.TH OK(5ANI'/ATION. /Itr PoMufion, 

Analyticat Chemistry, 

Archiii^s of hdusiriaiHeaUh, 

Journal of the Air Pollution Control Association, 

Journal of Laboratory and CUiiical Medicine, 

Journal of Scientific Instrumentation, 

Visual Aids 

U. S, Environmenlal Protection Agency* Technical AuHb 
Visual Branch, Research Triangle Park. N.C. 27711. 
Estimation of SO^ by Lead Candk Methinis. MA "12. 16 
mm., 24 min., color, sound> 

Tape Sampler Calculatio7is, MA -43, TV Tape Kinescope, 
20 min. 

Hi Vol Calibration, MA-33, 16 rnm., 15 min., color, sound. 

Measurement of Particulate PoUutanl^, SA-35, 35 mm.. 
14 min., sound (companion audio tape TSA 37). 

AIR POLLUTION SAMPLING 
AND ANALYSIS II 

Hours Per Week 

Class, 2; Laboratory, 6 

Description 

The second course in the sampling and ana- 
lysis series serves as a ''bridge'* between 
two different kinds of sampling. Beginning 
with a review of some of the ambient sam- 
pling methods and a consideration of some 
advanced analyses, the course then moves 
into the area of source sampling. The gas 
laws and psychrometry are jointly studied. 
Following this is an introduction to some of 
the problems involved in source sampling, 
including methods of determining gas 
velocities and flow rates, selection of sam- 
pling equipment, the location of suitable 
sampling sites and preparations necessary 
to conduct a source test. Data collection 
procedures are considered as well as cal- 
culation and presentation of results. I^a- 
boratory exercises begin with a continua- 
tion of ambient sampling and analysis tech- 
niques and progress through various stages 
of source sampling to conducting an actual 
particulate source sampling test. 

Major Divisions 

(la'it (ori4 

L Review of Ambient 

Sampling iVinciples 2 0 

Q II. Sampling Specific Ambient 
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Air PoUulants 2 6 

III. Inlroduclion to Source 

Sampling .4 3 

l\^ The Ideal Gas Laws and 

Psychrometry 4 3 

\'. The Measurement of Gas 

Velocities and Flow 

Rates ... 5 9 

VI. The Selection and 
Operation of Source 

Sampling Equipment 3 6 

VII. Site Selection and 

Preparation 2 6 

VIII. Data Collection and 

Reduction 2 3 

IX. Introduction to Particulate 

Source Sampling 8 54 

Total 32 96 



I. Review of Ambient Sampling Principles 
A. Units of instruction 

1. Reasons for ambient sampling 

2. Quantitative determination of atmos- 
pheric pollutants 

3. Determination of sample size 

4. Determination of sampling rate 

5. Determination of sampling time 
H. Laboratory projects 

Continue the community air sampling 
survey initiated in ''Air Pollution Sam- 
pling and Analysis I". 

(1. Sampling Specific Ambient Air Pollutants 

A. Units of instruction 

1. Sampling fluorides 

a. Absorption ■ by sodium hydroxide 
solution 

b. Vegetation sampling 

c. Paper filter samplers 

2. Sampling chlorine compounds 

3. Sampling ammonium compounds 

4. Sampling organic compounds 

a. Freeze-out technique 

b. Wet collection methods 

c. Grab samples 

d. Analysis of samples 

B. Laboratory projects 

Continue community air sampling survey. 
Add sampling apparatus for some of the 
specific pollutants listed above. 

IIL Introduction to Source Sampling 

A. Units of instruction 
1. Objectives of testing 

a. Com|)liance with regulations 

b. Issuance of permits 



c. Determining control equipment re* 
quirenients 

d. Bifficiency of control equipment 
c. Determining emission factors 

2. Source sampling requirements 

a. Representative sample 

b. Known sample volume 

c* Known total gas flow rate 

3. General considerations for source sam- 
pling 

a. Background information 
. b. Special sampling requirements 

c. Selecting test procedures 

d. Scheduling tests 

e. Measuring effluent gas flow rate 

f. Collecting the samples 

g. Analyzing the samples 

h. Calculations 

i. Reports 

B. Ivaboratory projects 

1. Continue community survey 

2. Study local or state regulations for air 
pollution 

3. Study state permit systems 

4. Study samples of source test requests 
and reports 

IV, The Ideal Gas Laws and Psychromctry 

A. Units of instruction 
K Ideal gas laws 

a. Boyle's Law 

b. Charles* Law 

c. General gas law 

2. Dalton*s Law of partial pressures 

3. Measurement of gas pressure and 
temperature 

a. Thermometers and thermocouples 

b. Bourdon pressure gages 

c. Manometers . " 

4. I*sychrometry ^ 

a. Water vapor pressure (saturation) 

b. Wet-dry bulb method r 

c. The Carrier equation 

d. The psychrometric chart 
i\ Condensation method 

H. Laboratory projects 

L Using fan test apparatus^ determine 
the moisture content of the gas stream 
using wet and dry-bulb thermometers. 

2. Set up (he apparatus necessary to 
measure the moisture content of a gas 
stream by the condensation method. 

V. The Measurement of Gas Velocities and Flow 
Rates 

Q A. Units of instruction 
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L Gas flow measurements 

a. Location of test ports 

b. Velocity measuring devices 

(1) Standard type pitot tube 

(2) Stauscheibe pitot tube 

(3) Miscellaneous devices 

c. Flow measurements 

ll) Determining cross ■ sectional 
area 

(2) Determining number of test 
points 

(3) The pitot traverse 

(4) Calibration of flow measuring 
devices 

(51 Other considerations 

(a) Testing (or leaks 

(b) Manometer connections 

(c) Clogging of pitot tube 

(d) Sealing the sample port 

(e) Static pressure measure- 
ments 

2. Gas flow calculations 

a. Velocity head (pressure) 

b. Gas velocity 

c. Standard pressure and density 

d. The flue factor 

e. Pressure corrections 
L Density corrections 

B. Laboratory projects 

L Using fan test apparatus, calibrate an 
S type pitot tube. Determine the num- 
ber and location of test points. Correct 
the flow rate for differences in density 
and static pressure. 

2. Kxamine carefully the following de- 
vices: 

a. Anemometer 

b. Orifice meter 

c. Venturi meter 

Study the calibration method and 
operation of these instruments. Make 
notes of thoir uses and limitations. 

3. Select a source to be tested in the field, 
Make a preliminary visit to the source 
and determine the gas flow rate at the 
source. 

V[. The Selection and Operation of Source 
Sampling Kfjuipment 
A. Units of instruction 

I, Preliminary considerations 

a. Site visit 

b. Inspection of process flow diagrams 

c. Process material balance 

d. Preliminary gas measurements 
U) Flow rates 

(2) Temperature 

(3) Pressure 



(A) Moisture content 
0, Estintatc of the nature of the omis- 
sions ^ \, 

2. Considerations for selecting equip- 
ment 

a. Gas velocity at source 

b. Temperature and moisture content 
of source gases 

c. Type of pollutant to be measured 

d. Elstimated concentrations of pollu- 
tants 

3. Source sampling equipment 

a. Particulate sampling 

(1) Probes and nozzles 

(2) Collection devices 

(a) Wet impingers 

(b) Paper thimbles 

(c) Alundum thimble filters 
<d) Inertial separators 
(e) Klectrical precipitators 
iU Dry impingers 

(3) Flow metering equipment 

(a) Dry gas meter 

(b) Wet test meter 

(c) Calibrations 

(4) Vacuum pumps 

b. Sampling gaseous pollutants 

(1) Grab samples 

(2) Absorption and adsorption 
trains 

H. Laboratory projects 

1. Study the process flow diagrams for 
the source to be sampled. Collect sam- 
ples of material input. Collect material 
balance data on process, if available* 
and estimate stack losses. What types 
of pollutants are expected? 

2. Assemble a sampling train for sam- 
pling particulates and gaseous pollu- 
tants. Use an alundum thimble filler 
for collecting the particulates. 

3. Calibrate a dry gas meter using a 
standard meter. 

4. Kxamine the various devices available 
for grab sampling. Study the methods 
used to collect samples with these 
devices. 

5. Kxamine several types of absorbers 
used in absorption trains. 

VII. Site Selection and Preparation 

A. Units of instruction 

\. Criteria for site selection 

a. Obtain representative gas sample 

b. Accessibility 
i\ Access to utilities 

Q d. Sample site location conducive to 
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accurate gas flow measurement 
e. Sample site locatiorCJn relation to 
air pollution control cquipmdnt 
2. Preparation of sample site 

a. Construction of scaffolding 

b. Providing utilities 

c. Providing sample ports 
H. Laboratory projects 

Select a sample site at the source to be 
tested and prepare it for sampling par- 
ticulates. 

VII L Data Collection and Reduction 

A. Units of instruction 
L Tests in the field 

a. Source information 
(1) Material balances 

12) Operating conditions 

13) Gas flow rates 

b. Sampling information 
ID Location of sampling stations 
12) Conditions at sample port 
(3) Sampling rate 

14) Sampling time 
l5J Conditions of gas in the sam- 
pling apparatus 

2. Analytical information 

a. Calculation of concentrations 

b. Calculation of emission rates 
i\ Use of standard conditions 

3. Ke])arls 

a. lU'quests for source tests 

b. General form of reports 
(D Introduction 

(a) Purpose of test 

(b) Process tested 
ic) Name and location of com- 
pany tested 

(d) Date of test 

(e) Operating conditions dur- 
ing test 

(f) Sampling port location 

(2) Summary of results 
(a) Presentation of principle 

test results 
lb) Significance of results 

(c) Description of samples 

(3) I'rocess description 

(a) Process equipment 

(b) Operating parameters 

(c) Material description 

(d) Material balance 
14) Sampling and analytical pro- 
cedures 

(a) Description of methods 
lb) Description of modifica- 
tions 



io) Tubular proscnlatton of data 
tB) dross evaluation of data 

(a) Chocking calculations 

(b) Comparing results with 
maiorial loss rales 

(c) Comparing results with 
data based on emission 
factors 

B, liaboralory projects 

1. Prepare a request for a source test on 
the source selected for sampling. 

2. Begin the field test report using the 
information previously collected* 

IX» Introduction to Particulate Source Sam- 
pling 

A. Units of instruction 

1. Obtaining representative samples 

a. Uniform dispersion of particles in 
the gas stream 

b. Isokinetic sampling rates 

c. Sampling port location 
d Sample volume 

2. Sampling train configurations 

a. Probes and nozzles 

b. Collection devices 

c. Flow measuring device 

d. f^rime air mover 

3» Sampling considerations 

a. Preliminary preparations 
(1> Tare weights of filters 

(2) Loading of impingers 

(3) Assembling sampling traiu at 
site 

b. Select! n of nozzle 

(1) Mtiered gas flow rale equation 

(2) Constraints 

la) Flow needed for colJec- 

tion device 
lb) Minimum diameter of no7.- 

zle to prevent clogging 

c. isokinetic sampling rale calcula- 
tions 

d. Sampling procedure 

(1) Check operation of equipment 
12) Initial readings 

(3) Record operating conditions 

(4) Sampling time 

(5) Final readings 

(6) Equipment cleaning and repair 

4. Analytical methods 

a. Filter weight difference 

b. Separation of insoluble solids from 
wet samples 

c« Filtrate evaporation for soluble 
solids 



d. Total solids determination 

i\ Microscopic examinations 

f. Analysis by electronic counters 

5. Calculation of results 

a. Volume of stack gas sampled 
Concentration of pollutants 

c. Water vapor content of stack gas 

d. Corrected stack gas flow rate 

e. Mass rate of particulates from 
source 

6. Visual comparison methods of study- 
ing particulate emissions 

a. Ringelmann Chart 

b. Smokescope (umbrascope) 

c. Equivalent Ringelmann opacity 
B, Laboratory projects 

1. Sample a source with a sampling train 
and determine the concentration of 
particulates in the emitted gases. 

2. Using a Ringelmann Chart and a 
smoke scope* determine the opacity of 
the source of particulates under study. 

Texts and References 

Mii IMU i'TlOS mSTHQl WSTRICTV COUNTY OF 

AMKHICAN SOCIKTY OF MFXIUNlCAL ENGINEERS. 

Power Test Code, 
mvOHKlU AKU mWKHS., Source Testing Manual 
ILVAUANU, \feih.oiis for Detcrmimtvon of Velocity, 

VoUmr, l^uai and MiH ConUni of Gases, 
iO'iHHY. Chemkol Engineer's Handbook, 
SJJKKHV AND OTIIKHS. Handbook of Air Pollution. 
STKHN. Air PoUxUion, Vol. 2. 
/nJustnal and Kvginemring Chemistry, 
Jottrnol of the Air PoUutkn Control Association. 

Visual Aids 

U, S. Knvironmental Protection Agency, Techmca! Avwiio- 
Visual Branch. Research Triangle Park, N.C. 21711. 
Source Sampling Equipment, MA51, t6 mm,, 10 miD^ 
color* silent. 

Reading Visible Emissions, MA48, 16 mm., 3 min., color, 
sound. 



SOURCES OF AIR POLLUTION 
Hours Per Week 

Class, 3 



Description 

Basic to an understanding of the production 
and en\ission ot air pollutants is the neces- 
sity for an introduction to the major indus- 
trial processes and energy-producing reac- 
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tlons. The raw materials, ancillary chem- 
icals and supplies, type of processing and 
equipnieni used by an industry in the 
manufacture of its product may all be* 
contributing factors to the kinds and quan- 
tities of pollutants emitted to the atmos- 
phere. In this course^ some of the basic 
methods of carrying out various industrial 
processes are studied. This general intro- 
duction IS followed by a consideration of 
various stationary and mobile combustion 
/ (energy-producing) processes. Major in- 
dustries such as chemical processing, pe- 
troleum* metals production, pulp and paper 
and food and feed are studied in some detail, 
This allows the student to achieve an un- 
derstanding of specific problems relating to 
the control of air pollution within that in- 
dustry. Finally* the methods of preparation 
and uses of source emission inventories are 
examined. I'reparation of an actual emission 
inventory in an abbreviated form will pro- 
vide experience in the use of this important 
tool. 

Major Divisions 



I. Industrial Processes 4 

II. Stationary Combustion Sources .. 5 

III. Mobile Combustion Sources 4 

IV. Petroleum Industry 4 

V^ Chemical Process Industries 5 

VI. Nonmelallic Mineral Products 

Industries 4 

VH. Metallurgical Processes .5 

VIII. Pulp and Paper Industry 4 

IX. Food and Feed Industries 4 

X. Prepa Pillion and Use of Source 

Kmission Invonlories 9 
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I. Industrial Processes 

A. Process nomenclature and symbols 

1. Process equipment 

a. Vessels 

b. Heat transfer equipment 

c. Pumps, compressors^ and fans 

d. Miscellaneous equipment 

(1) Centrifuges 

(2) Crushers and grinders 

(3) Filters 

(4) Conveyors 

2. Piping 

^ a. Pipe sizes 
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b. Materials of construction 

c. Pipe fittings 

d. \\ilves 

3. Process instruments 

a» Primary sensing phases 
b. Control systems 
I. Utilities 

a. Primary 

(1) Water 

(2) Fuel 

(3) Power and process steam 

14) Storage and movement of raw 
materials and products 

b. Secondary 

{\) Maintenance 

(2) Plant buildings 

(3) Waste disposal system 

n. Reading and interpreting flow diagrams 

1. Schematic flow diagrams 

2. Block flow diagrams 
J3. I'rocess flow diagrams 

4. Graphic diagram 

5. Notations 
Plot plans 

IK Slalionury Combustion Sources 

A. Introduction 

1. Total emissions on a nationwide level 

2. Nature of emissions from stationary 
combustion sources 

H. Solid fuel combustion 

1. Types of solid fuels 

a. Coke 

b. Coal 

c. Wood 

2. Historical review of coal utilization 

3. Description and si?.e ranges of coal 
fired equipment 

4. Combustion theory 

5. Smoke emissions from coal-fired units 
a. Operating variab!es affecting emis- 
sions 

h. Detection and control of smoke 

6. Particulate emissions from coal-fired 
units 

a. Nature of particulate emissions 

b. Operating variables affecting emis- 
sions 

('. Detection and control of particu- 
lates 

d< Typical emission factors 

7. Gaseous emissions from coat-fired 
units 

a. Nature of gaseous emissions 
h. Operating variables affecting emis- 
sions 
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c. Dotc'ctinn and control of gaseous 
i'ntissions 

d. Typical emission^ factors 
Fuel oil combustion 

1. Classification of fuel oils by grade and 
usage 

a. Pol type burners (ASTM No. 1) 

b. General purpose domestic heating 
(ASTM No. 2) 

c. ASTM Grades No. 4, 5, and 6 

d. Diesel Fuel 

2. Historical review of oil utili?.alion 

3. Description and size ranges of oil-fired 
equipment 

4. Combustion theory 

5. Particulate and smoke emissions from 
oil-fired units 

a. Nature of emissions 

b. Operating variables affecting emis- 
sions 

c. Detection and control of emission 
<1. Typical emission factors 

6. Acidic smut formation 

a. Operaling variables affecting emis- 
sions 

b. Detection and control of emissions 

7. Gaseous emissions from oil-fired units 

a. Nature of gaseous emissions 

b. Operating variables affecting emis- 
sions 

c. Detection and control of emissions 

d. Typical emission factors 
Gas-burning sources 

1. Classification of fuel gases 

a. Natural gas 

b. filast furnace gas 

c. Oil gas 

d. Coal gas 

V Coke oven gas 

2. Utilization of fuel gases 

a. Auxiliary incinerator fuels 

b. Domestic and commercial heating 

c. Steam generation 

13. I\u*iiculate emissions IVom gas-fired 
utiils 

a. Nature of [Kirliculate emissions 

b. Operating varial^les al'fecting emis 
sions 

e. Delect ion and control of emissions 

d. Typical emission faf^tors 

4. Gaseous emissions from gas-fired units 
a. Nature of gaseous emissions 
h. Operating variables affecting emis- 
sions 

c. Detection and control of emissions 

d. Typical emission factors 
Incinerators 

1. Types of incinerators 



a. In'line 

b. Retort 

e. Single chamber 
d. Mulitple chamber 
2. De^.cription and sizes of incinerators 

a. Flue-fed incinerators 

b. Domestic incinerators 

c. Special industrial Incinerators 

d. Industrial and municipal incinera- 
tors 

I). Inarticulate and gaseous emissions 
from incinerators 

a. Nature of emissions 

b. Operating variables affecting 
emissions 

c. Detection and control of emissions 

d. Typical emission factors 
F. Fires 

1. Open fires 

2. Ofien-pit burning 

3. Fireplaces 



III. Mobile Combustion Sources 

A. Introduction 

1. Total emissions on a nationwide level 

2. Nature of emissions from mobile com- 
bustion sources 

li. F missions from gasoline-powered ma- 
i'hinery 

1. Fxhaust emissions 

2. Fmissions via crankcase blow-by 
l^. Fmissions due to evaporation 

1. Photochemical reactions of hydrocar- 
bon emissions 

5. Inspecting and certifying gasoline- 
powered vehicles 

t). Control systems for internal com- 
bustion engines 

C. Fmissions from diesel-powered machin- 
ery 

1. Nature of diesel emissions 

2. Operating variables affecting emis- 
sions 

D. (Jas Turbine Emissions 

1. Automotive 

2. Aircraft 



IV. l\Hroleum Industry 

A. Introduction 

L Tola! emissions on a nationwide level 
2. Nature of emissions from the 
l>etroleum industry 

15. Sources of air pollution in the petroleum 
industry 
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!, Crude? oil production 

2. \Vast<> gas disposal systems 

3. StoraKc vessels 

4. liOadlng facilities 

5. Catalyst regeneration 

6. Oil-water effluent systenis 

7. Pumps 

8. Valves 

9. Cooling towers 



V, Chemical Process Industries 

A. Mineral acids 

1. Sulfuric acid manufacturing 

a. l*rocesses 

(U Raw materials 

(2) Chamber process 

(3) Contact process 

b. Emissions from sulfuric acid manu- 
facturing 

U) Nitrogen oxides 
{2) Sulfur oxides 
(3) Sulfuric acid mist and spray 
i\ Sampling and analytical techniques 

2. Phosphoric acid manufacturing 

a. Thermal-process phosphoric acid 
manufacturing 

(1) Kaw materials 

(2) Process description 

(3) Yields and losses 

b. Emissions from phosphoric acid 
manufacturing 

il) Acid mists 

(2) Oxides of nitrogen 

(3) Acid treating-- H2S 

c. Operating factors affecting emis- 
sions 

d. Samplinj^ and analytical techniques 

3. Nitric acid manufacturing 
a» Chemical process • 

U) Chemistry of the process 
(2) Pressure processes 
<3) Other processes 

(4) Acid concenlralion processes 

b. Emissions from nitric acid manu- 
facturing 

(U Oxides of nitrogen 
(2) Nitric acid mist 

c. Sampling and analytical techniques 

B. Miscellaneous chemical process in- 
dustries 

1. Pharmaceutical industry 

2. Glass manufacturing 

3. Insecticide manufacturing 
4* Oil and solvent re refining 

O 5. Radioactive materials 
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\*L Nonmetallic Mineral Products Industries 

A. Construction materials 

K Hot-mix asphalt paving batch plants 

2. ('oncrete-batching plants 

:l. (Vment handling equipment 

I. Rock and gravel aggregate plants 

I*. Miscellaneous mineral products indus- 
tries 

1. Mining operations 

2. Size reduction and classification 

3. Class and ceramics manufacturing 
). Asbestos processing 

\*1!. Melalkirgical Processes 

A. Ferrous processes 

1. Sieel manufacturing processes 
a. Open hearth furnaces 

il) Nature of emissions 
^2) Sampling techniques 
(3) Control of emissions 
I). Electric-arc furnaces 
(If Nature of emissions 
\2) Sampling techniques 
(3) Control of emissions 

c. Electric induction furnaces 
{]) Nature of emissions 
\2) Sampling techniques 
(3) Control of emissions 

2. Iron casting 

a. Cupola furnaces 

(I) Nature of emissions 
{2) Sampling techniques 
(3) Control of emissions 

b. Electric-arc furnaces 

(1) Nature of emissions 
\2) Sampling techniques 
{'^) Control emissions 
e. Induction furnaces 

d. Reverberatory furnaces 
H. Non-ferrous processes 

1 . Rrass and bronze smelting and refining 

a. Furnace types 

b. Characteristics of emissions 

e. Hooding and ventilation require- 
ments 

d. Air pollution control equipment 

2. Secondary aluminum-melting 
processes 

a. Furnace types 

(1) Crucible furnaces 

(2) Reverberatory furnaces 

(3) Fuel-fired furnaces 

(4^ Electrically heated furnaces 

b. Characteristics of emissions 

c. Iloiuling and ventilation recjuire- 
ments 



d. Air pnJlulion coMro) equipment 
3. Secondary zinc nielting processes 
. a. Furnace types 

1 1) Ueduclion retort furnaces 
(2) Distillation retort furnaces 
Wi) Muffle furnaces 
b. Characteristics of emissions 
i\ Hooding and ventilation require- 
ments 

d* Air pollution control equipment 
4* Lead refining 

a. Furnace types 

(1) Reverberatory furnaces 

(2) Lead blast furnaces 

(3) Pot typo ivrni\cc$ 
<4) Barton process 

b. ChariTcteristics of emissions 

c. Hooding and ventilation require- 
ments 

d. Air pollution control equipment 
5» Miscellaneous processes 

a. Metal separation processes 

b. Core ovens 

c. F'oundry sand-handling equipment 

d. Heat treating systems 

e. t*roduction and purification of 
mercury 

VIH, Pulp and Paper Industry 

A. Kraft pulping process 

L Major sources of air pollution 

a. Digester relief blow gas 

b. Kvaporator noncondensibles 

c. Hecovery furnace flue gas 

d. Flue gas in direct contact 
evaporator 

e. Flue gas in precipitator 

f. Stack gas 

g. Lime kiln gas 

h. Odorous liquid effluent 

2. Characteristics of emissions 

a. Methyl mercaptan 

b. Methyl sulfide 
r. Methyl disulfide 

d. Hydrogen sulfide 

e. Sulfur dioxide 

f. Particulate matter 

3. Air pollution abatement 

a. Scrubbing 

b. Filectrostatic precipitators 

c. Process alternatives 

B. Sulfite pulping process 

L Emissions compared to Kraft pulping 
process emissions 
a. Gaseous pollutants 
O b. l*articulate emissions 
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2. Characteristics of emissions 

3. Air pollution abatement 



LX. Food and Feed Industries 

A. Feed and grain mills 

L Characteristic emissions 
2» Sampling techniques 
3. Air pollulion abatement 

B. Food processing 

1. Coffee processing 

2. Smokehouses 

3. Deep fat frying 

4. Livestock slaughtering 

5. Fish canning and reduction plants 

6. Kdible-lard and tallow rendering 

7. Bakeries 

C. Miscellaneous sources 

1. Crop spraying (insecticides) 

2. Agricultural operations 

3. Odors from pastures and feed lots 

4. Open burning 

X. Preparation and Use of Source Emission 
Inventories 

A. Rapid survey techniques 

1. Reporting zones 

a. Selection of zones 

(1) Land-use 

(2) Fuel-use 

(3) Topography 

(4) Population density 

b. Number of ^ones 

c. Reporting zone map 

2. Classification of sources 

a. Stationary combustion sources 

(1) Fuel-use inventory 

(2) F*uel-use rates 

i3} Distribution of fuel use to re- 
porting zones 

b. iMobile combustion sources 
ni Gasoline use 

(2) Diesel fuel use 

c. Refuse combustion sources 

d. Industrial process losses 

3. Estimation of pollutant emissions 

a. Emission factors 

(1) Oxides of sulfur 
(21 Oxides of nitrogen 

(3) Hydrocarbons 

(4) Particulates 

b. Calculation procedures 

4. Interpretation of results 
a. Presentation of data 

h. Percentage of total pollutants by 
fuel use 



c. Percentage of total pollutants by 
category use 

d. Comparison of point and area sourc- 
es 

B. Other methods of preparing emission in- 
ventories 

1* Estimation of emissions in a regional 
air pollution control district 

2. Industrial and fuel use questionnaires 

3. Confidential industrial questionnaires 

4. Computer source inventories 

Texts and References 

BRASS AND BR0N7K INGOT lNSTITllTK./ljrPo?/«fw« 

Aspects of Brass and Brome Smelting and Refining 
^ Industry. 

fliFKK AND GKUSTLK. Kmission.^ from CoalFired Pou^ 

cr Plants: A Comprehivsive Summary. 
DANIfcLSON//iiV Pollution Engineering Manual. 
DUPREY. Compilation cf Air Pollutant Emission Factors, 
HENDRtCKSON. Atmospheric Emissioiis from Sulfate 
Pulping. 

lA^ND. Industrial Pollution Control Handbook. 
MANUFACTURING OtKMISTS ASSOCIATION. Al 

mospheric Emissions from Nitric Acid Manufacturing 

Processes, 

OSOI.INS AND SMITH. A RapUi Survey Teehuique for 
Estimating Community Air PoUulum Emijisions. 

SCHUKNKMAN ANt) arilKRS. Air Pollution Aspects of 
the iron and Steel Industry. 

STKRN. Air Poltution. Vol. 3. 

Visual Aids 

U. S. Environmenlal Protection Agency. Technical Audio- 
Visual Branch, Research Triangle Park. N.C. 27711. 
After the Smoke Clears. Nf A-78. 16 mm., 15 min., color, 
sound. 

Calculation of Estimated Emissions, MA-45. TV Tape. 20 
mtn.* Kinescope. 

Source Inventory. MA-40. 16 mm., 15 min.» b/w» sound. 
Sources of Air Pollution, MA15» 16 mm,. 5 min., color, 
sound. 

Vehicle Emissioyts Control Story. MA S2, 16 mm.. 25 
min., color* sound. 



AIR POLLUTION INSTRUMKNTATION 

Hours Per Week 

Class» 2; Laboratory, 6 

Description 

The basic methods of making measure- 
ments are of great importance to the air 
pollution technician. Beginning with a con- 
sideration of measurement errors and 
standards, the student progresses to dc- 
Q tailed studies of the measurement of gas 



pressure, temperature and flow, and the 
appropriate instrumentation for making 
these measurements. Different types of re- 
corders arc investigated to determine their 
applications and limitations. More sophisti- 
cated analytical instruments are considered 
as combinations of several kinds of systems, 
including electrical and electronic» chemical, 
mechanical and pneumatic. Instrument 
types which are particularly related to the 
measurement of air pollutants are studied 
in detail. Laboratory exercises emphasize 
the use and calibration of various instru- 
ments, as well as the limits of accuracy of 
such instruments. 



iMajor Divisions 



Ho\LTS_ 

Lahom- 

I. [nlroduction to '^'^ 
Measurement 2 6 

II. Pressure 3 9 

III. Temperature 3 6 

!V. Flow 3 9 

V. Measurement of MisccL 

laaeous (ins Properties .... 3 12 

VL Kecorders 3 6 

VII. Integration of Pneumatic, 
Chemical, Mechanical and 

Kleetrical Systems 4 12 

Vin. Specialized Air Pollution 

Sampling f^]uipment 3 12 

IX. Analyticallnstrumentation 3 12 

X, Gas ChromatograpJiy ..... 3 6 

XL Microscopy 2 6 

Total - 32 96 



I. Introduction to Measurement 

A. llnits of instruction 

1. Definitions 

a. Instrument 

(1) Sensing element 

(2) Transmitting means 

(3) Output or indicating element 

b. Measurement 

(1) Direct 

(2) Indirect 
{\ Accuracy 

d. Precision 

e. Sensitivity 

f. Resolution 

2. Krrors 

a. Systematic 



ai Static 
(21 Dynamic 
b. Random 
3, Standards 
B. Iinhoratory projects 

1. Eslimale accuracy and precision possi- 
ble with the following instruments: 

a. Thcrmomeler 

b. If'lube raanomctrr and inclined 
manomctor 

c. lUiler or other similar measuring 
device 

2. Ksiimate confidence intervals for sets 
of sample data 

a. Temperature readings 

b. Pressure readings 

c. Length measurements 

3. Plot sample data on the following 
types of graph paper indicating in- 
tervals of error 

a. Cartesian coordinates 

b. Semilog 

c. Log- log 



II. Pressure 

A. (/nits of instruction 

1. Definition of pressure 

a. Unit area 

b. Unit force 

c. Psi., pst., inches of water tin.wO* 
inches of mercury (Hg) 

d. Standards 

2. Manometers 

a. -* Open end 

a) U-tube 
12) Inclined 

b. Differential 

c. Manometer fluids 

d. Reservoir 

e. Vacuum 

3. Pressure gages 

a. Bourdon pressure gage 

b. Diaphragm gage 

c. Bellows gage 

d. Magnehelic 

e. Vacuum 

4. Calibration* maintenance^ and place- 
ment of pressure gases 

a. Manometers 

b. Fiourdon-tube gages 
t\ V^acuum gages 

B. Laboratory projects 

1. Compare and calibrate the following 
pressure gages against known stan- 
dards: then» make a series of pressure 
O measurements. 
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a. Manometer 

b. Bourdon lube gage 

c. Diaphragm gage 
di Bellows gage 

e. Pirani gage Ivacuum) 

Siandards: 

5 to 5.000 psi, the dead weight tester 
low pressures, water or mercury man- 
ometers near vacuum* McLeod gage 

2, Dismantle, clean, and study possible 
adjustments for the following gages 
a. Manometer 
b» Bourdon-tube gage 

c. Bellows gage 

d. Pirani gage (vacuum) 



Hi. Temperature 

A. Units of instruction 

1. Temperature scales 

a. Fahrenheit 

b. Celsius (Centigrade) 

c. Absolute (Rankine, Kelvin) 

d. Conversion equations 

2. Temperature measuring devices 
a. Liquid-filled thermometers 

h. Gas thermometers (gas-filled) 

c. Vapor-filled thermometers ' 

d. Bimetallic elements 

e. Thermocouples 

f. Thermistors 

g. Optical pyrometers 

3. Installation of temperature measuring 
devices 

a. Angle 

b. Submerge (liquid-elevation 
correction) 

c. Shielding 

d. palibration 

B. Laboratory projects 

1. Measure the boiling point tempera- 
ture of different liquids with the gas- 
filled and liquid-filled thermometers. 

2. Calibrate a liquid-filled thermometer 
and a bimetallic dial thermometer. 

3. Demonstrate the use of several types 
of thermocouples by using them to 
make temperature measurements. 

IV. now 

A. Units of instruction 
L Primary elements 

a. Orifice plates 

b. Venturi tubes 

c. FEow nozzles 



d. Dall tubes 

e. Rotameters 

f. Dry gas meters 

g. Wet^test meters 

h. Pitot tubes 

(1) Standard tconventional) type 

(2) Reversed type 

i. Hot-wire anemometers 
j. Spirometers 

k. Electromagnetic flowmeters 

2. Secondary elements 

a. Manometer types 

b. Mercury cylinders 

3. Positioning and installation of flow 
meters 

a. Installing flanges 

b. Positioning of laps 

(1) P'lange taps 

(2) Vena-contracta taps 

(3) Pipe taps 

c. Locating ports for traverses 

4. Calibration of flow meters 

a. V^elocity and area measurements 

b. Weight rate and density measure- 
ments 

c. Calculation of discharge coefficients 
and correction factors 

H, Laboratory projects 

1. Compare the flow measurement of air 
by venluri meter, orifice plate, cali- 
brated elbow or turn, and pilot tra- 
verse. 

2. Determine discharge coefficient of a 
venturi meter,, an orifice plate, and a 
flow nozzle over a wide range of flow 
rates. 

3. Calibrate a dry gas meter with a wet- 
test meter or a spirometer. 

W Measurement of Miscellaneous (Jns Proper- 
ties 

A. Units of instruction 
L Water vapor content 

a. Absolute humidity 

b. Relative humidity 
tl) Psychrometers 
(2) Hygrometers 

c. Dew point 

d. Proportion of water vapor in a gas 
stream 

(1) Wet and dry-bulb temperature 

technique 
{2) Condensation technique 
2. Orsat analysis of carrier gas 
a* Percent carbon monoxide 
b. Percent carbon dioxide 
O c. Percent oxygen and nitrogen 
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H, Laboratory projects 

1. Determine the relative humidity of the 
classroom air using a sling psychfome-^ 
ter jind a resistance-type hygrometer 

2. Field lest an incinerator stack for 
moisture contenL CO, CO2. and O2 
concentrations, 

3. Compare the wet and dry-bulb tem- 
perature method of moisture deter- 
niination with the condensation tech- 
ni<|ue. , 

VL l{ecor(iers 

A. Units of instruction 
L Types 

a. Round-chart type 

b. Strip chart 
V, Klectrical 
d. Pneumatic 

2. ('omponents 

a. Case 

b. Measuring device 
" e. Writing pen 

d. Timing mechanism 

e. Charts 

f. Linkage 

3. Adjustments 

a. Microscrcw 

b. Turn buckle 

c. Slip-joint 

d. Slit-hub 

e. (]oarse adjustment 

f. Fine adjustment 
H, Laboratory projects 

L Study the components of recorders 
and calibrate, utilizing pneumatic 
pressure and an electrical signal for 
the transmission of signals from pri- 
mary devices. 

2. Change the cart and adjust the writing 
pen on a recorder, 

Vll. Integration of Pneumatic, Chemical, Me- 
chanical, and Klectrical Systems 

A. Units of instruction 

L p]lectrical-mechanical systems 

a. Recorders 

b. Thermostatic controls 

c. Switches 
(I, Meters 

2. Pneumatic mechanical systems 

a. Control valves 

b. Li(|uid level controls 

c. Thenrjostatic controls 

d. Recorder-controllers 



0. Tii|)t» SiirnpliTs 
;j. KkTlrR\i!-cht»?nk'«»l pnoun)iitic syslenis 
n. Gas analyx.ors 
I). Oas chromaloKraphy 
i\ Fl.'imo pholoniriry 
IJ. Labnralory projccls^ 

W Study the components of the following 
inslnjmf^nls isolating the components 
as lo system type. 
a» Recorder 

b. Tape sampler 

c, Cfas analyzer 

2. Study a troubleshooting manual for 
a piece of air pollution instrumenta- 
tion. 



VUl. Sfieeialized Air Pollution Sampling 
K^juipment 

A. Isnits ofinslrucLion 

1. Automatic tape samplers 
a- Function 

b. Principle of operation 

c. IVrformance data 

d. Analysis of samples 

2. Dust counters 

a. Function 

b. IVinciple of operation 

(1) Photoelectric 

(2) Resistance type 
0. Performance data 

:i (ias analyzers 

a. Wet chemical types 

b. Flame ionization types 
t. Klettrostatic precipitator sampler 

a. Function 

b. Principle of operation 

c. Performance data 
(I. Analysis of samples 

5. Thermal precipitators 

a. F'unction 

b. Principle o^ o)>C'ration 

c. Performance data 

d. Analysis of samples 

n. Ijaboratory projects 

1. Make measurements of laboratory 
aerosol concentrations and aerosol size 
distributions with the foflowing: 

a. An automatic tape sampler 

b. A dust counter . 

2. Demonstrate the operation of the fol- 
lowing instruments: 
a. A gas analyzer 

^ b. Klectrostatk precipitator sampler 
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IX* Analytical Instrumentation 

A. Units of instruction 

1. The potentiometer 

a. Null-balance principle 

b. Galvanometer 

c. Vacuum lube voltmeter 

2. The differential amplifier 

a. Principle of operation 

b. Solid state and vacuum tube ampli^ 
fiers 

3. Absorption instrumentation 

a. DItravioIet 

b. Visible 

c. Infrared 

d. Photometers 

e. Spectrometer; optical 

f. Spectrophotometer 

4. Kmission spectroscopy 

a. d-c arc 

b. a c arc 

c. a c spark 

d. Flame photometers 

5. Kefractometry 

a. Refractometers 

b. Applications 

6. Measurement of pH 
a^ Basic principles 
b. Buffer solutions 
c* pH electrodes 

d. Potentiometer amplifier circuit 
H. Laboratory projects 

1. Operate a potentiometer. 

2. Demonstrate a spectrometer. 

3. Calibrate a pH meter and make some 
sample measurements. 

Gas Chromatography 

A. Units of instruction 

1. Principle of operation 

2. Components 

a. Pressure regulator and flow meter 

b. Sample injection system 

c. Separation column 

d. Thermal compartment 
t\ Detection system 

L Strip-chart recorder 

3. ('hromatographic columns 

a. Derivatives of daitomaceous earth 

b. Other support materials 
Absorbents 

U) vSoJId 
(2) Liquid 
IJ. liaboratory projects 

K Study the components of a gas chrom- 
atography 



2. Inject a known sample mto the gas 
chromatograph and determine the oon- 
ccnlration of each sample component 
using the data from the gas chromato- 
griiph. 



XI. Microscopy 

A. Units of instruction 

1. The objective 

2. The eyepiece (ocular) 

3. Magnifying power 

4. Lighting 

5. PMIer micrometer 

Laboratory projects 

1, Study Lhe parts of a microscope 

2. Observe a sample of particles with a 
microscope and size the particles using 
a micrometer. 



Texts and References 

A-MKKICAN C(»NFKHKNrt: OV (UJV'KKNMKNTAI. 

[NtJl'STKIAI. HYCtKMSTS, Air S<implmg fnstruffiriits. 
KMiMKiSTKK. Mark's Standard {{amlbouk for Skchmiail 

Engineers. 

CIllKONlS. ,\fackiiie Deiws and InstrumthUition. 
Q"^rCK. Ftov Meter En^nt^ririy HnndU(H}k. 
WSO}iK\^i'S(^uri:€ Testing Motmul. 
NURCUS AND I.KNK. Measurvrntnts for Tcchmdnn.>i. 
VKHHY. Chemical Engiruer's Handhttok. 
lt\SK ANI> lUr.ROW. Projtit Evghievrivg t>f PrDCtss 
Plants. 

WlM.AKl) AND OTKKKS, tnstrumrntfd Mithi>fh of 
A nalysis. 



Visual Aids 

iF'ilms are black and while, unless lolor is 
noted) 



U. S. Environmental Protection Agonoy, TtThnical Audio 
VisuaJ Branch. Kescarch Triangle Park, N.C. 27711. 
hifmrcd Spectroscopy, MA7, 16 mm., 28 min., color, 
sound. 

University of Illinois, Visual Aids Service, Division of 
University Kxlension. Champaign, III. 61820. 
Principles of Chromatogryiphy, .50827, 16 mm., 20 min., 
color, sound. 

Modem Chemistry, Lesson i8: Introduction to Gas 
Behavior, 80882. 16 mm., 33 min., sound. 
Modem Chemistry, Lesson 19: Gas Pressure - Origin 
and Measurement, 80883, 16 mm., 30 min.. sound. 
Modem Chemistry, Lesson '20: Partial Pressures ~ 
■Jj' ' *s Law, 80881. 16 mm.. 30 min.. sound. 
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AIR POLLUTION CONTROL 

Hours Per Week 

Class, ;i; Laboratory, 6 

Description 

An introduction to the control of air pollu- 
lion considers such topics as control objec- 
tives and different approaches to meeting 
those objectives. Any given air pollution 
problem is usually composed of and influ- 
enced by many factors. These factors are 
considered in their relation to the selection 
of control equipment. Various classes of 
control ef|uipment are studied, including 
mechanical collectors, filtration devices, 
wi»l collectors and electrostatic precipita* 
tors. (Jas absorption* adsorption and in- 
c'ineration tpchni(iues are considered as 
solutions to certain pollution problems. Fol^ 
lowing' a study of representative sources of 
certain types of air pollutants* specific 
equipment testing techniques are examined 
to determine the kinds of data required to 
rvaluate the performance of control equip- 
ment. Laboratory time has been purposely 
maximized in order to provide adequate 
iipl>ortunity for field trips. Class visits to 
field installations of various control equip- 
ment types provide first hand observations 
of the practical use of such equipment. 

Major Divisions 



[. Control Objectives . . 3 G 

II, (>onlrol Schemes 2 6 

III. Factors Affecting Control 
Kt|uipment Selection 3 6 

IV. Mechanical Collectors 5 9 

V. Filtration 4 6 

VI. Wet Collectors 4 9 

VII. ^Electrostatic Precipitators . 4 6 
VIII. Gas Absorption and Ad- 
sorption Equipment 4 3 

IX. Ineineration 4 6 

X. Sources of Air Pollution and 

(Control ... 12 

XI. Kc^uipment Testing 6 24 

XII. Waste Disposal ;) 3 

Total 48 96 



I. Control Objeclivos 

A* Units of instruction 

L Comply with statute requirements 

2. Obtain a "clear stack" 

3. Recover valuable economic materials 

4. Improve public relations 

5. Reduce ground level complaints of 
odors* vegetation damage, nuisances 

R. liaboratory projects 

1. Study local and state air pollution 

regulations. 
2* Review state and local air pollution 
problem areas. 

II. Control Schemes 

A. Units of instruction 

1. f^recess change to control air pollution 

2. Systematic approaches for controlling 
particulates after generation 

3. Systematic approaches for controlling 
gaseous pollutants after generation 

4. Approaches combining particulate and 
gaseous pollutant control 

H. Laboratory projects 

L Review the literature for approaches 

to air pollution control. 
2. Using an approach to air pollution con- 
trol, discuss the application of this ap^ 
proach to a specific source of air pollu- 
tion, 

III. Control Kqiiipment Selection 

A. Units of instruction 
K Calculation of rcfjuired efficiencies 
2. Selection of control equipment based 

on removal capabilities 
Selection of control equipment based 
on other factors 

a. Cost 

b. Space 

c. Materials 

d. Auxiliary utilities 

B. Laboratory projects 

1. Using a sample set of data for emis- 
sions from a local source of air pollu- 
tion and using local air pollution reg- 
ulations, determine the removal effi- 
ciency for control equipment to meet 
the local regulations. 

2. Review sources of cost data for air pol- 
lution control equipmerl. 

IV. Mechanical Collectors 
Q A. Units ol instruction 
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48 



1. Gravity settling chambers 

a. Principles of operation 

b. Construction 

c. Applications 

d. Typical etflcicncies tor 
specific applications 

e. Limitations 
r. Costs 

g. IVrformanco testing 

2. Cyclone collectors 

u. Principles of operation 

b. Construction 

c. Applications 

d. Typical efficiencies for 
specific applications 

(\ Limitations 

f. Costs 

g. Performance testing 

3. Impingment separators 

a. Types 

(1) Baffle type 

(2) Jet type 

b. Principles of operation 

c. Construction 

d. Applications 

i\ Typical efficiencies for specific ap- 
plications 

f. Limitations 

g. Costs 

h. Performance testing 

4. Dynamic precipitators 

ci. Principles of operation 

b. Construction 

c. Applications 

d. Typical efficiencies for specific ap- 
plications 

e. I/iniitations 

f. Costs 

g. Performance testing 
Laboratory projects 

\. Make a field trip to an industry using 
one or more of the following air pollu- 
tion controls: 

a. Gravity settling chamber 

b. Cyclone collector 

c. Impingment separator 

d. Dynamic precipitator 

2. Observe a performance test on one of 
the above air pollution controls 

V ' 

W Filtration 

A. l^nits of instruction 

1. Deep bed and mat filters 

a. Filtration theory 

b. Filter resistance 

c. Construction 



A. Applications 

e. Typical efficiencies for specific ap- 
plications 

f. liiniilalions 
Costs 

h. IVrformanee tosting 
2* Fabric filters 

a. Flow-area considerations 

b. Fabrics 

11) Cotton 

12) Woo! 

(3) Synthetics 

c. Applications 

d. Typical efficiencies for specific ap 
plications 

e. Limitations 

f. Costs 

j^. Performance testing 
3, High-efficiency panel filter 
H. liahoratory projects 

L Com|>are the effects of a dirty filter on 
the static pressure and the velocity 
head when located upstream and 
downstream of a centrifugal blower in 
a duct system. (Effect on blower 
work.) 

2. Using a set of sample data for a clean 
room operation, determine what type 
of filter would work best to control the 
particulate level. Determine what ma- 
terials should be used for the filter and 
estimate a value for the filtration area* 

VI. Wet Collectors 

A. Units of instruction 

K Trinciples of operation 

a. Impingmenl 

b. Brownian motion diffusion 

c. Humulification effects 

d. Condensation effects 

e. Agglomeration 

r. Electrostatic attraction 
g Contacting power concept 

2. Types of wet collectors 

a. Chamer scrubbers 

b. Cyclonic scrubbers 

c. V^enturi scrubbers 

d. Mechanical scrubbers 

e. Jet scrubbers 

3. Applications 

4. Limitations 

5. Costs 

6. Performance testing 

B. Laboratory projects 

I, Make field trips to nearby industries 
using wet collectors as a means of con- 




trolling air pollution. 



2. Examiue typical performance- data for 
a wet collector and size a unit to con- 
trol emissions from a hypothetical 
source of air pollution. 



VIL Electrostatic Precij)itators 

A. Units of instruction 

L Theory of performance 

a. Particle charging 

b. Particle collecting 

c. Removal of collected dust 

2. Types of electrostatic precipitators 

a. Low voltage 

b. High voltage 
!3. Applications 

4. Limitations 

a. High humidity 

b. Stability of gas flow 

c. (Jas temperature and composition 

5. Costs 

<>. Performance testing 
H. Laboratory projects 

1. Make a field trip to an industry using 
an electrostatic precipitator to control 
air pollution 

2. Di'inonstrale ^\ laboratory model of an 
oliM'lrostatic precipitator 

-'i. For a hypothetical electrostatic pre- 
('if)ilator and hypothetical operating 
('(mditions, estimate the following: 
a. (Charging field and collecting field 
!)► Particle drift velocity 
c. Theoretical efficiency 

VIIL (ias Absorption ar<l Adsorption Equip- 
tnent 

A. Units of instruction 
L Absorption of gases 

a. Principles of gas absorption 

b. ( -lassification of equipment 
\ \ ) Packed towers 

(2) Plate towers 

(3) Spray chambers 

(4) Jet scrubbers 

(5) Venturi scrubbers 

(6) Wet cell washers 

c. General design considerations 

(1) Tower heights and number of 
transfer units 

(2) Liquid to gas ratio 

(3) Selection of absorption media 

(4) Vapor-liquid equilibrium data 

(5) Applications 
<6) Limitations 



(7) Cosls 

d. PertormimiT iestin^ of absorption 
cquipmt^ni 

2. Adsorplion of gases 

a. Principles of gas adsorption 
{{) Adsnrplion surfaoc area 
\2) Si'ltH'lion of a<5sorbale 
I), Design parameters for dynan^c 
systems 

\l) Heciri'ulating systems 

12) One-pass nonregenerative sys- 
tems 

13) One pass regenerative systems 
\\) Applications 

15) Limitations 
1(5) Costs 

e. Performance testing adsorption 
j e<|uipmenl 

H. Laboratory projects 

1. Study some typical packings for 
; packed lowers. 

a. Kaschig rin^s 
U. Pall rings 

e. fieri saddfes 
(L Intalox saddles 

2. Study the relative surface area, por- 
osity and particle si/.e of the following 
adsorbents: 

;i. A sample of a relatively nonpolar 
adsorbent such as activated carbon 

b. A sample of a polar advSorbent such 
as: 

tl) Alumina 

i2) Hauxite 

(3) Molecular sieve? 

(4? Silica gel 

IX. Incineration 

A. Units of instruction 

]. Direct flame combustion 

a. The flame front 

(1) Definitions 

\2) Variables affeeting (he front 

(a) Type of fuel 

(b) Gas and burning velocities 
Ic) Air-fuel ratio 

Id) Temperature of ^as mix- 
ture 

b. T s " of combustion 
11} Time fd* reaction 

(2) Temperature 

(3) Turbulence 

c. Limits of flammability 

(1) Upper 

(2) Lower 

^ il. Combustion calculations 
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e. Afterburner design 

(1) Small port burners 

(2) Large port burners 

(3) Radiant or tile port burners 

(4) Combustion chamber 

(5) Safety features 
I. A[)[dications 

U) Flares 

(2) Coffee roasters 

i3) Smoke houses 

(4) Rubber curing 

(5) Cupola gases * 

(6) Rendering plants 

(7) Varnish kettles 

(8) Enamel baking ovens 

(9) Asphalt blowing 

g. Limitations 

(1) "Turn down ratio" 

(2) Clogging of nozzles and ports 

h. Costs 

i. Performance testing 
2. Catalytic combustion 

a. Principles of operation 

(1) F'unction of catalyst 

(2) Selection of catalyst 

(3) The catalyst surface 

(4) Catalytic ignition point 

b. Operating variables 

(1) Pressure drop 

(2) f^uel consumption 

(3) Regeneration 

(4) Exhaust gas flow variations 

c. Applications 

0) Foundry core baking ovens 

(2) Rendering of fish oils and 
animal fats 

(3) Chemical plants 

<4) Plastics manufacturing 

(5) Paint baking ovens 

d. Limitations 

(1) Clogging due to large particu- 
late matter 
{2) Inorganic solids 
(3) Vaporized metals 

e. Costs 

f. Performance testing 
IL Laboratory projects 

L Make a field trip to an industry using 
incineration as a means of controlling 
air pollution. 

2. For a hypothetical airstream contain- 
ing odorous gases, assume the odor can 
be destroyed with a flame afterburner 
with an outlet temperature of 1500^ F. 
Assume a typical natural gas is used 
with 10% excess air and calculate the 
<|ijant it y of gas needed to produce the 
nutlet temperature. 



X. Sources of Air Pollution and Control 

A. Units of instruction 

1. Steel industry 

a. Cyclones 

b. Gas scrubbers 

c. Electrostatic precipitators 

d. Baghouse filters 

2. Foundry operations 

a. Gas scrubbers « 

b. Mechanical separators 

c. Baghouse filters 

3. F^lating operations 

Fume washers 

b. Packed tower fume scrubbers 

c. Filters 

4. Chemical industry 

a. Types of control dependent on spe- 
cific process 

b. Breadth of equipment used 

5. Textile mills 

a. Traveling lint fillers 

b. Special air tunnels 

6. Food industry 

a. Mechanical collectors 

b. Incineration 

c. Gas scrubbers 

7. Pharmaceutical industry 

a. Gas scrubbers 

b. Baghouse filters 

c. Adsorption 

d. Incineration 

8. Pulp and paper industry. 

a. Electrostatic precipitators 

b. Venturi scrubber 

B. Laboratory projects 

Visit local industries, locate specific 
sources of air pollution, and note the 
types of controls being used. 



XI. Equipment testing 
A. Units of instruction 

1. Tciiting related to the objectives of the 
control 

2. Types of efficiency tests 

3. Efficiency calculation techniques 

4. Standard and accepted testing codes 

5. Performance factors 

a. Power consumption 

b. Utilities consumption 

c. Liquor consumption 

d. Maintenance 

e. Miscellaneous considerations 

(1) Public relations 

(2) Noise 

(3) Odors from settling ponds 
qT Laboratory projects 
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L Plan a trip to plant where a perform- 
ance test may be made on a unit of air 
pollution control equipment, 

2. Outline a test procedure for this unit. 

3» Perform the test on the unit, 

XIL Waste Disposal 

A* Units of instruction 

1. Dry solids 

2. Filter bags 

3. Sludges 

4. Solid wastes 

5. Liquid wastes 

H. Laboratory projects 

Review each method of control studied in 
the course and determine what method of 
waste disposal might be used with each. 

Texts and References 

AMKKU'AN LNDUSTKIAI. HVGIKNK ASSOCIATION. Air 

PaUulion .Xtanual, Part !! - Control Equipment, 
Da N I K I /S 0 N . A ir PoUut ion E n g ivcering Ma n mi 
Ll'NI). Intlustnal Pollution Control Handbook, 
H*)SS. Ijidustrinl Waste iKsposal. 
STKHN. Air Pollution, Vol. ;3. 

Visual Aids 

V. Knvlronmcnlal Protection Agency, Technical Audia 
Visual Hranch, Kcsearch Triangle Park, N.C. 27711. 
Collection of Particulate Matter in the Control of Air 
Pollution. MA39, 16 mm., 22 min.. colon sound. 
Combustion for Control of Gaseous Pollutants, MA57, 16 
mm.» 12 min,, color, sound. 

(Ontrol Iff Air Pollution, MAll, 16 mm., 5min.r color, 



Alii IH)!JAITI()N SAMI'LING AND 
ANALYSIS III 

Hours Per Week 

('lass, 2; Laboratory, 6 



Description 

The concluding course in the air pollution 
sampling and analysis sequence continues 
the study of source sampling methods and 
analytical procedures. A review of particu- 
late sampling methods is followed by a stu- 
dy of gaseous sampling techniques. Specific 
pollutant analyses receive major emphasis 
as advanced source sampling projects. 
Laboratory periods again emphasize 
practical sampling situations and ap- 
proaches to problem solving. 



Major Divisions 

Iv Koview of Parliculalo 

Sr)urrr Snrnjilin^r 1 \2 

U. Advarii'iMi Source Sampling 

Mo(h(>fls 2 6 

ilL (*ollpcti(m and MiMsuremcnl 

K(|uipfnent lor (Jasoous 

Pollutants li 6 

IV. Source Sampling Ammonia 

and 

Ammonium Compounds , . 3 9 
V. Sourco Sampling Organic 

Acids 3 6 

VI. Source Sampling Aldehydes 3 9 
Source Sampling Oxides of 

Nitrogen 3 6 

VIIL S(mrce Sampling P'luorides . <\ 9 
IX. Source Sampling Oxides of 

Sulfur . . 4 9 

X. Source SampJing Hydro- 

4Mrbons 3 12 

XI. Source Sampling Chlorine 

icnd Chlorine Compounds . 3 12 

'iVHid • 32 98 



I. Review of Particulate Source Sampling 

A. Units of instruction 

1. Isokinetic sampling 

2. Sampling trains 

3. Analytical methods 

4. Calculation methods 

B. Laboratory projects 

Select another point source of particu- 
lates and perform a field test for determ- 
ining the particulate concentration. 



11. Advanced Source Sampling Methods 

A. Units of instruction 

1. Wet collection 

a. Greenburg-Smith impingers 

b. Modified Greenburg-Smith imping- 
ers 

c. Other wet coJlection devices 

2. Dry collection 

a. Paper thimble filters 

b. Atundum thimble filters 

c. Miniature glass cyclones 

d. Electrical precipitators 

e. Single or multiple-jet impaclors 

3. Specialized methods 



a. Cyclone-alundum thimble combina- 
tion 

t). Cyclone-high volume filter sample 

combination 
c. Quantitative measurement of odors 
■1. Analyses 

a. Wet chemical methods 

b. Solubility determination 

c. Combustibles and ash 

d. Particle size determinations 
H. Laboratory projects 

L Discuss methods of sampling whem 

a. A mixture of very large particles 
and very small particles exists 

b. A large quantity of particulate 
matter is needed for analysis 

c. The dust concentration is very low 

d. Microscopic analysis is required 

c. Classification by particle size is ad- 
vantageous 
f. The stack gases are very moist 
2. Study an analytical scheme for proc- 
essing particulate matter samples. 

III. Collection and Measurement Kquipment for 
Gaseous l*ollutants 

A. Units of Instruction 

1. Collection requirements 

a. Isokinetic sampling 

b. Sampling location restrictions 

c. Volume of gas sample 

2. (inseous sample equipment 

a. Absorption trains 

(1) Noz/les and probes 

(2) Collection devices 

(3) Moisture trap 

(1) Flow metering device 
(5) Prime mover 

b. F^acuated containers 
I!) Applications 

{a} Poor contaminant absorp- 
tion characteristics 

(b) Necessity for analysis by 
physical methods 

(2) Types 

(a) Gas collecting tubes 

(b) Flasks 

c. liiquid displacement devices 
0) Applications 

(a) Continuous sampling 

(b) Grab sampling 
\2) Kquipment description 

d. Portable gas analysis devices 

(1) Tutwiler apparatus 

(2) Orsat apparatus 

i3) Colorimetric gas testers 
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(4) Combustible gas Indicators 
16) Klame \onmtlon instrumeats 
8» Laboratory projects 

1. Assemble an absorption train. 

2. Become familiar with the Orsat ap- 
paratus and perform several analyses. 

3. Kecome familiar with several ^ab 
sampliag devices and use Ihem to ob- 
tain gas samples* 



IV. Source Sampling Ammonia and Ammonium 
Compounds 

A. Units of instruction 

1. Convenliohal sampling train config- 
uration 

a. Nt>/7.1e and probe 

b. Impingors in ice bath 

c. Moisture trap 
(i. Gas meter 

e. Primp mover 

2. Al)st)rbing media 

a. Water 

b. 5% hydrochloric acid solution 

3. Analytical procedure 

a. Reagent preparation 
Kjeldahl distillation 

c. Titration 

4. Calculation of ammonia concentration 

B. Laboratory projects 

IFsing the fan lest apparatus or similar 
e^juipment, introduce a is'nown quantity 
of ammonia into the air stream and 
sample the duct effluent. Analyze the 
samples and compare the data with con- 
centration expected based on the quanti- 
ty of ammonia used. 



Source Sampling Organic Acids 
A« Units ol instruction 

L Collection with a conventional sam- 
pling train 

2. Absorbing media 

a. 5% sodium hydroxide in first im- 
pinger 

b. 5% sodium hydroxide in second 
impinger 

3. Analytical procedure 

a. Reagent preparation 

b. Liquid-liquid extraction with ether 
c- Titration with sodium hydroxcde 

4. Calculation of organic acid concentra- 
tion 

B, Laboratory projects 

1. Study the equipment needed to sample 
and analy;?e for organic acids. 



2. Perform an analysis on a prepared 
sample. 



VK Source Sampling Aldehydes 

A. Units of instruction 

L Collection by grab sampling 

2. 1% sodium bisulfite solution used as 
absorption medium 

3. Analytical procedure 

a. Reagent preparation 

b. Titration with an iodine solution 

4. Calculation of aldehyde concentration 
\l Laboratory projects 

Again using the fan test apparatus, inject 
a known quantity of fcrmatdehyde into 
the gas stream. Sample the gas stream 
lor aldehydes and determine the con- 
centration of formaldehyde in the gas 
stream. 



VII, Source Sampling Oxides of Nitrogen 

A. Units of instruction 

L Collection by grab sampling 
2. Absorbing media 
a. Hydrogen peroxide 
h. Sulfuric acid 
Analytical procedure 
a. Evaporation of sample to dryness 
h. Colorimetric determination of con- 
centration 

4. Calculation of oxides of nitrogen con- 
centration 
li. Laboratory projects 

Select a point source of air pollution from 
which one or more of the contaminants 
studied in this course arc emitted and 
prepare for a source sampling test, 

VIII. Source Sampling Fluorides 

A. Units of instruction 

1. Collection with a conventional sam- 
pling train 

2. Absorption in sodium hydroxide 

3. Analytical procedure 

a. Evaporation 

b. Neutralization <with perchloric acid) 

c. Steam distillation 

d. Titration of distillate (with thorium 
nitrate) 

4. Calculation of fluoride concentration 
H. Laboratory projects 

Visit the source to be sampled and make 



prHiminary gas flow measurements and Texts and References 

samplo silo (iroparations. 

The same as the references for Air Pollution 
Sampling and Analysis II 

IX. Source Sampling Oxides of Sulfur 

A. Units of instruction 

L Collection with a conventional sam- 
pling train preceded by a filter 

2. Absorption in sodium hydroxide 

3. Analytical procedure 

a. Sulfur dioxide determination 

b. Sulfuric acid determination 

c. Total sulfates determination 

4. Calculation of pollutant concentrations 
H. Laboratory projects 

Prepare the reagents and assemble the 
iMjuipment necessary for a source test. 



X. Source Sampling Hydrocarbons 

A. Units of instruction 

1. Collection by grab sampling 

2. Analytical procedure 

a. Infrared spectrophotometry 

b. Combustion and volumetric analysis 

c. Chromiilograph- combustion- in- 
frared method 

3. Calculaticm of hydrocarbon concentra- 
tions 

l\. Laboratory projects 

Conduct a source test on the selected 
point source for the contaminants of in- 
terest. 
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XL Source Sampling Chlorine and Chlorine 
Com pound s 



A. Units of instruction 

L Collection with conventional sampling 
train 

2. Absorbing media 

a. Water at ambient temperature 

b. Chilled sodium hydroxide 

3. Analytical procedure 

a. loilometric titration for free chlor- 
')r)v fOJitenl 

b. Alkalimotric titration for hydro 
chloric acid 

■L Calculation of chlorine-hydrochloric 
acid concentrations 
H. {laboratory projects 

Ccmiplete analysis of samples taken dur- 
ing source test» calculate the results, and 
prepare a report. 
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MATHEMATICS AND SCIKNCE COURSES 



MATHEMATICS I 



Hours Per Week 

Clas$, 4 



Description 

The sequence and content of the mathema- 
tical subjects chosen support the remaining 
courses in air pollution taken concurrently. 
The course begins with a description of the 
types of numbers commonly used, including 
decimal: , ralioniil and real numbers. The 
student then receives extensive practice in 
operating with these numbers and convert- 
ing them to per''p itages. A deeper under- 
standing into - ' . number system is gained 
through studying scientific notation and the 
powers of ten. 

Algebra is introduced through a description 
of the cartesian coordinate system, the 
straight line and various practical computa- 
tional techni<|ues such as synthetic division. 
A deeper understanding of algebraic rela- 
tions is gained through application of pow- 
ers and roots to related problems. 
The slide rule is introduced as soon as a 
need arises for appropriate efficient com- 
putation. The major scales of the slide rule 
are studied in detail, and its usefulness in 
solving practical problems is emphasized. 

Major Divisions 



I. Types of Numbers 13 

H. Algebraic Expressions 15 

HI. The Cartesian Coordinate System 5 

IV. The Straight Line 7 

V* Powers and Roots . . 6 

VL The Slide Rule 8 

VII. The Slide Rule Applied to Data 

Collection and Analysis 10 

Total 6-1 



1. The Basic Arithmetic Operations 

A. Types of numbers 
^ 1. Integers 
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2. Rational numbers 

3. Decimals 

4. Real numbers 

B. Operations 

1, Addition 

2, Subtraction 

3. Multiplication 

4. Division 

C. Conversions 

1. Fraction— decimal 

2. Percent— fraction 

3. Percent—decimal 

D. Powers of 10 and scientific notation 



II. Algebraic Expressions and Operations 

A. Binominal expressions— one variable 

1. Addition and subtraction 

2. Multiplication 

3. Division 

4. Factoring 

5. Distributive law 
H. Integral exponents 

1. Multiplication 

2. Division 

3. Powers 

{\ Agebraic expression— se\^* >i vari- 
ables 

1. Addition and subtraction 

2. Multiplication 

3. Division 

4. Factoring 

D. Synthetic multiplication 
K. Synthetic division 

1. Factoring 

2. Determination of roots 



III. The ('artesian Coordinate System 

A. Axes in 2 and 3 dimensions 

M. Distance between two points 

('. Slope of a line 

I). Intercepts of a line 

IV, The Straight Line 

A. Determining a line from 2 points 
H. The slope-intercept form 

L Ecjualion 

2. Graph 

C. The two poinl form 
L Equation 

2. Graph 

D. The intercept form 
I. E(|uation 



2. Graph 

V. Powers and Roots 

V Powers 

1. Positive integers and zero 

2. Nci! iUve integers 

3. ii.isic operations 
B. Roots 

1, Square root 

2. Cube root 

3. Rational roots 

4, Basic operations 



VI. The Slide Rule- Basic Scales 

A. Defining the scales 

B. Multiplication 

C. Division 

1), Squares and square roots 

E, Scientific notation 



VIL The Slide Rule Applied to Data Collection 
and Analysis 

A. Problems involving multiplication and 
division 

Ft. Problems involving powers and roots 
C. Combining operations 

Texts and References 

HOKl^SLON, Analytic Geometry. 

lli':iNKMAN. Plane Trigonometry. 

PAIM. and SHAENEL. Contemporary Technical 

Xfcthematics with Calculus. 
Fn.ACEK. Technical Math uith Calculus. 
I'ROTTEH AND MARREY. College Calculus with Analytic 

Geometry. 

RICE AND KNIGHT. Technical Calculus and Analysis. 
STRANGE AND RICE. Analytic Geometry and Calculus. 
WOOTEN AND DROOVAN. Intermediate Algebra. 



MATHEMATICS II 

Hours Per Week 

ClasSt 4 

Description 

This course is a continuation of Mathemat- 
ics I. The basic topics of trigonometry are 
introduced and studied in detail, with appli- 
cations to problems in air pollution given a 
^ central role. In addition to further applica- 
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tions of the slide rule, the desk calculator is 
introduced at an early stage of the course to 
facilitate the handling of problems involv- 
ing the collection and analysis of data* 
A thorough treatment of elementary statis- 
tics provides the student with the tools to 
perform most of the analyses made in the 
field. Efficient statistical algorithims, de- 
signed for desk calculator implementation^ 
are intensively studied. 
The course concludes with a brief but prac- 
tical survey of the concepts in the calculus 
having greatest utility. Numerical methods 
are introduced to enhance the practical ap- 
plication of the calculus to problem solving. 

Major Divisions 

Clast 
Hourt 



I. Basic Concepts of Trigonometry . 15 
U. Introduction to the Desk 

Calculator 6 

IlL Collection of Data 4 

iV, Basic Statistics 18 

V» Implementation of Statistical 

Techniques on the Calculator 5 

VI. Concepts of the Calculus ...... 11 

VIL Numerical Methods for Analyzing 

Data 5 

Total 64 



I. Basic Concepts of Trigonometry 

A. Definition of functions 

1. Sin X 

2. Cos X 

3. Tan x 

B. The Basic Right Triangles 

1, 3-4-5 triangle and multiples 

2, 45-45-90 triangle 

3, 30-60-90 triangle 

C. The reciprocal functions 

D. Sketching the trigonometric curves 

E. The trigonometric identities 

F. The trig scales on the slide rule 

G. Applications to practical problems 

II. Introduction to the Desk Calculator 

A. Addition and substraction 

B. Multiplication 

C. Division 

D. Combining operation 

III. Collection of Data 
A, Frequency counts 



B. Sorting data 

ConstruclinK hisloKrams and other 

graphs 
D. Displaying data 



Basic Statistics 

A. Measures of central tendency 

1. Mean 

2. Median 

3. Mode 

B. Measures of variation 

1. Range 

2. Variance 

3. Standard deviation 

C. The normal curve 

D. Using a table of the normal c stribution 
K. The binoniiat distribution 

F. Correlation 

G. Least squares (regression) 

1. Fitting a straight line 

2, Fitting a parabola 

H. Methods of samph'ng 

V. Implementation of Statistical Techniques on 
the Calculator 

A. Computing the means* variances and 
stat^dard deviations 

B. Correlation problems 

C. Curve-filling problems 

1. Data from a normal distribution 

2. Data from an unknown distribution 

D. Prediction problems 

1. Exact curve-filling 

2. Rolling averages 

3. Least squares 



VL Concepts of the Calculus 

A. Definition of a derivative 
The first derivative 
L Polynomials 

2. Trigonometric functions 

3. The exponential and log functions 

C. Higher derivatives 

D. Finding maximum and minimum points 

E. Definition of integration 

F. Computing the area under a curve 

G. Numerical integration, using the slide 
rule and the calculator 

VII. Numerical Methods for Analyzing Data 
Q*. Methods for finding and comparing sta- 
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tistics 

B. Methods for correlating two or more va- 
riables 

C. Additional curve-fitting techniques 

D. Smoothing data techniques 

E. Data reduction methods 

Texts and References 

The same as the references for Mathematics L 



CKKMISTKV I 



Hours Per Week 

Class, 2; Laboratory. 3 



Description 

Selected fundamental concepts of chemistry 
with emphasis on the principles important 
in analytical laboratory work are studied in 
this introductory course. Lecture topics in- 
clude scientific methodology and measure- 
ment, classification of matter with respect 
to physical and chemical properties, 
physical and chemical changes, interactions 
of chemical substances, generalizations and 
predictions based on the periodic table, no- 
menclature, stoichiometric relationships, 
properties of important classes of sub- 
stances, the gas state, the halogens, and the 
nitrogen and sulfur families, Laboratory 
exercises emphasise safety and precision 
and include practical experiences in meas- 
urement techniques and physical and chem- 
ical separations as applied to problems of 
qualitative and quanitative analysis. 



Major Divisions 

habora- 
Class tory 



I. 


Introduction 


1 


3 


u. 


Fundamental Concepts .... 


2 


6 


III. 


Atomic Theory and 








Slruclure 


2 


6 


IV. 


The Filements; Periodic 










2 


3 


V. 


Compounds: Chemical 










3 


3 


VI. 


Chemical Equations and 







Sloichiomolry 6 6 

Vn. Oxygen - ^ 2 6 

VIII. Hydrogon 2 3 

IX, The Atmosphere 3 3 

\\ Tho Gas Slate 4 3 

XI. The Halogens 2 3 

XII. The Nitrogen and 

Sulfur F\imilics 3 3 

Total 32 4fi 



I. Introduction 

A. Units of instruction 

1. Historical background of chcinistry 

2. The scope and relevance of chemistry 

3. The methods of science 

4. Measurements, standards, and units 

5. Scientific notation 
G. Significant figures 

7. J'rohlem-solving and dimensional anal- 
ysi$* 

H. Laboratory projects 

1. Standard procedures and safety 

2. Introduction to laboratory equipment 
and techniques 

3. Measurement: weight, volume, and 
temperature 

\. Accuracy and precision 

II. Fundamental Concepts 

A. Units of instruction 

1. Classification of matter 

2. I'hysical stales of matter 

3. Changes of slate and physical equili- 
bria 

1. Ph*>';ictii and ehemical changes 
5. Physical and chemical properties 
(5. Conservation of mass 

7. Conservation of energy 
H. Laboratory projects 

L Techniques of separation 

2. Determining physical and chemical 
properties 

3. Dif^linguishing between physical and 
chemical changes 



IIL Alf)niic Theory and Structure 

A. Units of instruction 

1. Dallon's atomic theory 

2. The laws of definite and multiple pro- 
portions 

3. The electrical nature of matter 
1. The nuclear atom 



5. Modern concepts of atomic structure 

6. Atomic number and mass number 

7. Symbols and notation 

8. Isotopes and isotopic weight 

9. Relative atomic weights 
U). Granvatomic weights 

B. Laboratory projects: None 

IV. The Elements: Periodic Classification 

A. Units of instruction 

1. Abundance of the elements 

2. Development of the modern periodic 
table 

3. Periodicity of physical and chemical 
properties 

4. Periods and groups 

5. Electron distribution 

6. Valence and valence electrons 

7. Trends in the periodic table 

8. Major divisions of the table 

9. Uses and limitations of the table 
H. ijaboratory projects 

1, Distinguishing properties of metals 
and nonmetals 

2. Typical reactions 

V. Compounds: Chemical Bonding 

A. Units of instruction 

1. Kleclronegativity 

2. The electrovaient bond: ionic com* 
pounds 

3. The covalent bond: covalent com- 
pounds 

4. Polar covalent bonds 

5. Valence and oxidation number 

6. Complex ions 

7. Formulas 

8. Nomenclature 

P. Laboratory projects 

1. Distinguishing properties of ionic and 
covalent compounds 

2. Distinguishing properties of organic 
and inorganic compounds 

VL Chemical K(|ualions and Stoichiometry 

A. Units of instruction 

1. Formulas and composition 

2. Types of chemical change 

3. Balancing chemical equations 

4. The mole concept 

5. Weighi relationships 
P. Laboratory projects 

L Reactions; direct combination, decom- 
position, single and double displace- 
ment 



2. QuantiliUivo analysis of a compound 
VII. Oxygen 

A. Unils of instruction 

1. Hislorical inl reduction 

2. Occurrence and properties 

3. Preparation 

4. Allotrophy: ox.ono 

5. Combustion and heat of reaction 
ti. Apptications 

H. Laboratory projects 

1. Prep;^ralion and properties of oxygen 

2. Reactions of oxygen: oxidation 

3. Properties of metal and nonmetal 
oxides 

VIII. Hydrogen 

A. Units t)f instruction 

1. Historical introduction 

2. Occurrence and properties 

3. Preparation 

1. Isotopes of hydrogen: uses 
r>. Oxi<ialion and reduction 
(>. Klectrochemical series 
7. Applieations 
Laboratory projeels 

1. i*rep,^ratioa and properties of hydro 

2. !{eactions of hydrogen; reduction 

IX. The Atmosphere 

A. Units of instruction 

1. Introduetion 

2. Composition of the atmosphere 

3. Density of the atmosphere 

4. Relative hurnidily 

5. Measurement of temperature and 
pressure 

f). Pollution of the atmosphere 

7. The oxygen cycle 

8. The carbon dioxide cycle 

9. The nitrogen cycle 
10. The noble gases 

B. Laboratory projects 
Analysis of an air sample 

a. Oxygen 

b. Nitrogen 

c. Carbon dioxide 

d. Water 

X. The Gas State 

A. Units of instruction 
L Standard conditions 
Q 2. Pressure, volume, and temperature 
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relationships 
i3. Partial pressure and partial volume 

4. Standard molar volume 

5. The gas constant, R 

6. Kinetic molecular theory 

7. Gaseous equilibria 

H. Ideal and real gases 

9 Problems and applications 
H. Laboratory projects 

I. Pressure, temperature, volume rela- 
tionships of gases 

2. iVeparation and collection of a gas 
sample; weight-volume relationships 



XL The Halogens 

i\, ITnits of instruction 

1. Occurrence 

2. Preparation and properties 
Family trends 

L Pre|)aration and properties of the hy« 

drogen halides and their salts 
r>. Toxicity and hazards 
1 Mihnratory projects 
Identification of halides 



XiL Thf Nitrogen and Sulfur F'amihes 

A. I nils ni instruction 
I. ()<"<'urrence 

If. Pri'paraliiin and properties 

Family trends 
I. Allot ropy 

r>. Preparation and properties of ammo- 
nia 

«». Preparation and properties of nitric 
a<'i(i 

7. Pre[>aralion and properties of sulfuric 

aeid and sulfates 
S. Sulfur and its oxides in analysis and in 

[xdlutton 
\K l'hf>lochemicat reactions 
II). T(»\icity and hazards 
I*. Liiboratory projects 

1. Identification of nitrites and nitrates 

2. Identificattrm of sulfites and sulfates 
15, (Jravimetric determination of sulfates 

Tei(ts and References 

fiH.M.iU^ . Jidsw Coiutpis (if Chtviistnj, 
V\{\\\\ <'*»!!( rff ('ht mistry. 

ILNJOiUICK \M> KNUHl.KK. Chmistrif: Man and 

Ori.K'i'lU. tvtroflai'ianj Chemistry. 
r\ri.INr;. f'iilhf/r thiVf^stin. 
SKlAUKMi. (irju nit Chvmistnj 
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Visual Aldij 

(hlms iiro 16 mm. wiih sound) 

NKT Pilm Service, Indiana University, Audiovisual 

Conlor. filoomiriglon, M, 4U0\, 

.Mniijsphvre and Id Circuhitiov, \\ mln., b'w. 

Atoms into Molecuks, 2^ min., h/w. 

Chetnicni Families, 22 min . coloip. 

Ft^'m^nts, Ompounds and ^f^xtures, 33 min., color, 

/'j?in746rTUm, 24 tnin., color. 

Gmes and Ifou* They Combine, 21 min.. color. 

Kinetic Molecular Theory, 8 min., b/w or color, 

SitricAtVfland the Nitrogen Cycle, 18 min„ b/w or color. 

Oxygent W min.. b/w or color. 

Sf^ety in the Chemical Laboratory. 20 min.; color. 

Suifiiniud ft.'i Vifmp(}U7nfs. \\] min.. ti-' w or color. 

The liahgens, \^ mn., b/w or color. 
Visual AWs Service, Unlversily of Illinois. Division of 

t'niversily Kxlcnsion. Champaign, 111, 6J820. 

.\riim»»ni. min., h/w. 

Phosphorus, It* myn., b/w. 

Physical arid Chem ical Change, 28 min., b/w or color. 

Pre pa ra t to n an d P roper i ies vf Hydrogen, 1 8 mi n . » b/ w or 

color. 

Sulfur Dioxide and Sulfurous Acid, 24 min.. b/w. 
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Hours Per Week 

('i;tss» 2: Liibcjratdry. ?J 

Description 

Thr smmd chi'mislry coiirso deals with se 
li>ctt*f] dcscriplivo chomtslry^ sollulion and 
colloid rhortiislry. ionic i'qiiilibria, and eleo- 
tr(K-hi*nus(ry, wilh I'mphasis on the pracli- 
I'ul ajudii-alions in lahoralory work. Lecture 
topics include solutions and colloids, analyt- 
ic iipplicalions of ionic etjiiiiibria^ oxidation* 
mluclion reactions, galvanic cells, electro 
ohernical corrosion, electrolysis, chemislry 
tjf the aciive metals, chemistry of the heavy 
nielats^ carbonates and silicates, nuclear 
chemist ry, and organic and biological chem- 
islry. Laboratory exercises include qualita- 
live identification of selected anions, ca- 
tions, and organic substances, and 
vM)lumetric and gravimetric quantitative 
determinations of some important sub- 
stances. 

Major Divisions ^ 

CfflKs fury 

L Water: The Lu|uid State . . 3 b 

II. S(dutions and (!oltoids 4 6 

IIL loni/ation; Acids, Hases, 

Q and Salts 3 0 
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IV, Introduction to Ionic 

K<|uilibria 3 3 

\". Kleetrochemislry . 3 3 

VI. The Active Metals 2 3 

VU. The Heavy Metals ........ 2 3 

\ in. iioron, (*arbon, and Silicon - 2 3 

IX, Nuclear C'hi^mistry 2 0 

X. Organic and Biological 

Chemislry , . 8 15 

Total 32 48 



[. Water: The Lifjuid State 
A. Vn\\s of instruction 

1. Abundance of water 

2, The uniciue physical properties of 
waler 

:i Hydrogen bonding 
t. Chemical properties of water 
r>. Hydrates 

6, Deliquescence and efflorescence 

7. Water as a measurement standard 
Treatment and purification of natural 
waters 

9. Properties of liquids 
H, Lalinratory projects 

L Water in crystalline hydrates 

2. Delii(uescenee and efflorescence 

3. Distillation 



II. Solutions ami Colloids 
A. Units of instruction 

I . Types of solutions 
C<)niponents of solutions 
S(iluhility and equilibrium 

I. Fat lors affecting solubility 
Solution rate 

6, Expressing concentration 

7. Reactions in solution; catculalions 

H. Colligative properties of solutions 
9. Di.stiilation 

10, Solubility generalizations 

11, Partition 

\2, Properties of colloids: aerosols 
13. Preparation and stabilisation of col- 
loids 

I 1, Precipitation of colloids 
in. Applications 

n. Lai>oratnry projects 

I. The use of primary standards 

2. Preparation and standardization of so^ 
hilions 

Precipitation titrations 



in. lonij^atfon: Adds, liases^ and Salts 



\'L Tho Aelivo Motals 



A. UniUs of inji;lruclion 

L KhTlrolyUvs and nonoloctrolylos 

2, Mi'liUlic and oleetrolyikv condudion 
:\, Dissociation an<l ionizatioi\ 

\. The* roU» of the solvent 

3. Strong and wvak oleclrolytos 

<5. I^roparalion of acids, bases, and salts 

7. IVoporties of adds, bases/and salts 

8. Kvuolions of a^ids^ b;\scs^ and salts 

9. Noulraiizatlon and lilralion 

10. K<^iiivalpnl weights and normality 
IK Applications 

Laboratory projocls 

1, Properties of acids and bases 

2. Standardization of acids and bases 

:l Determination of the concentration of 
an unknown acid or base 

IV. Iniro<luction to Ionic Kijuilibria 

A. Units ^)^ instruction 

1. Weak acids and bases 

2. Ionization constants 
The ionization {)f water 

I, pll and pOH 

i), The common ton effect 

(k liuffers 

7. Hydrolysis 

H, Indicators 

\h Solubility product constants 

10. Dissolving precipitates 

11. Dissociation of complex ions 

\2. Complex e(|uilibria: application to ana- 
lytical problems 
Laboratory projects 

I. pH measurements 
2. pll titrations 

Comploximetric titrations 

\'. Klectrochemistry 

A. Units of instruction 

1. Oxidation-reduction 

2. Balancing redox e(juations 

3. Redox titrations 

1. Single electrode potentials 
5. Cell potentials 

Halteries 
7. Klectrolysis and electroplating 
H. Analytical applications 
9« Klectrochemical corrosion 
H. Laboratory projects 

L Activity series of the metals 

2. Oxidation-reduction reactions and in 
(iicators 

O ;3. i'otentiometric titrations 
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A. t'nils of instruction 

L Typical physical and chemical proper- 
ties of the metals 

2. Thi» metallic bond 

Ji. Occurrence, preparation, and proper- 
ties or the I A metals 

L Occurrence, preparation, and proper- 
ties of the IIA metats 

n. Occurrence* preparation^ and proper- 
lies of aluminum 

6. Amphotorism 

7. Applications 

H. liaboratory projects 

1. Properties of the lA and IIA metals 
and aluminum 

2. Identification of the lA and IIA metals 
and aluminum 



VII. The Heavy Metals 

A» Units of instruction 

L Iron and steel 

2. Corrosion prevention 
Alloy steels 

L Occurrence, metallurgy* and proper- 
ties of zinc, mercury, copper* silver^ 
tin, and lead 

f). Important alloys 

(), Hazards and toxicity 

7, Identification reactions 
\\. Laboratory projects 

Identification of some heavy metal ca- 
tions 
a. Lead 
b» Mercury 

c. Arsenic 

d. Copper 



\'I1L Horon, Carbon, and Silicon 

A. Units of instruction 
L Occurrence 

2. Preparation and properties 

tj. Allot rophy 

4. The solid state 

r>. Molecular solids and network solids 

6. The vitreous state 

7. Glasses, ceramics, and cement 

8. Silicates, carbonates, and borates 
9» Industrial hazards 

10, Analytical reactions 
fJ. Laboratory projects 

L Analysis of a carbonate 
2. Identification of a silicate 



IX, Nucloar (!hemislrj 

A, Units oMnstnii'lion 
,1. Radioactive decay 
^2. Hulf life 

Hariiai'arbon dating 
K Particle accelerators 
T). Artificial radioactivity 

6. Nuclear fission 

7. Nuclear fusion 

8. Mass-energy relationships 

9. The origin of the elements 

10. Radiation detection 

11. Hazards 

12. Applications 

H. LuboriUory projects: none 

X. Organic and Biological Chemistry 

A. Unils of instruction 

1, Introduction 

2, Formulas, structure, and models 

3, Isomerism 

•1. Homologous series 
5, Functional groups 

Sources of hydrocarbons 

7. Classification of hydrocarbons 

8. Nomenclature of hydrocarbons 

9. Reactions of hydrocarlK>ns 

10. Hydrocarbons as pollutants 

11. Nomenclature, preparation, proper- 
lies, and reactions of halogen, oxy, hy- 
droxy, carbonyl, arid carboxyl deriva- 
tives of hydrocarbons 

12. Uses urn] ha;^ards 
H. Laboratory projects 

1. Troperlies of hydrocarbons 

2, Saponification and hydrolysis 
Identification of aldehydes and ketones 

Te\4s and References 

The same as the reforrncos for ('horn istry 1 

Visual Aids 

NKT Vi\m Service, Indiana University, Audiovisual 
('enter. Hloomington. Ind. 47401. 
iThe following; films are 16 mm. with sound) 

AcitJ>i, fifi.'i* s nriil Saits. 21 min., b/w or color. 

Carbon ami Its Compounds. 11 min., b/w or color. 

Eieciricitij from Chemicals, 14 min,, b/w or color. 

Uydrocnrbons nml Thair SiniHari\ 12 min.. b/w or color, 

Sfflah and XonmetaU. \^ min.. b/w or color, 

Oiuhtfofh^educfion, 10 min,, color. 

Properties iff Wnter, tl min.* b/w or color. 

Rndimctii'itif, 12 min., color 

Sotulions, 16 min., h/w or color. 

The Ct}fhidnl State, 16 min . b/w or color. 
Visual Aids Service, University of Illinois, Division of 
O niversity Kxlension, Champaign, III. 61820. 
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(The following films are 16 mm. with sound) 

Chemicdl Properiiii of Water, 13 mln.,b/w or color. 

ionic Kquiiibriat 16 mln., h/w, 

/onuo^eon, IS mln., b/w or color. 

Standard Solutions and Titration, 21 min., b/w» 



PHYSICS I 



Hours F^r Week 

Clas,s, 2; Laboratory, 3 



Description 

This course is not a traditional survey 
course but is oriented toward developing 
skills such as the application of mathematics 
to physical models and toward the acquisiv 
tion of a technical vocabulary- Enough con- 
coplual framework is provided to insure a 
sound basis for work in more specialized 
courses. Laboratory work is stressed so 
Ihnt students will be able to use measuring 
devices and instrumentation, analyze data, 
and display it meaningfully. Atomic theory 
is studied before mechanics to allow stu- 
dio nls to make more progress in mathe- 
matics. 

Major Divisions 

Labora- 
Ctast tory 



L f^asic Measurements 2 6 

II. Atomic Theory . . , 4 0 

in. Physical Properties of 

Matter 6 15 

IV, Statics 2 6 

V. Kinematics— Rectilinear 

Motion 6 6 

VI. Dynamics . . , 6 6 

VII. Angular Motion 2 3 

VIIL Work, Kncrgy and Power . . 4 6 

Total 32 48 



1. Hasie Measurements 

A. Units of instruction 

L Quantitative aspects of science 
a. The relationship between science 

and mathematics 
1). Systems of measurement 
(1) p:nglish 



(2) MKS 
13) CGS 

r. Use of units in problem solutions: 
Dimensional Analysis 
2. Methods of measurement 

a. Standards 

b. Calibration 

I'. Instrumentation 
H. liaboralory projects 

L Length measuring devices including 

vernier and micrometer calipers. 
2. Time measuring devices including the 

stop watch. 
U. Statistical analysis of errors. 

4. Use of the slide rule. 

IL Atomic Theory 

A. Units of instruction 

L The atomic hypothesis 

a. Atoms 

b. Elements 

e. Chemical bonds 

d. Molecules 

e, Compounds 

2. F«)rces among molecules 

a. Adhesion 

b. Cohesion 

c. C!a[)illarity 

.'i. Molecular motion 
a. Diffusion 
h. Osmosis 
H, Laboratory projects: None 

IIL Physical Properties of Matter 

A. Units of instruction 
L Phase 
2. Density 

Specific gravity 
I. Specific characteristics of solids 

a. Elasticity 

b. Young's modulus 

c. Shear modulus 
(L Bulk modulus 

5. Specific characteristics of liquids 

a. Pressure 

b. Pascal's I^aw 

c. Archimedes* Law 

d. Viscosity 

e. Surface tension 

f. Fluid flow - Hernoulli's K(|n. 

6. Specific properties of gases 

a. I'ressure 

b. PascaPs Law 

c. Archimedes* l^aw 

d. Fluid flow- Hernoulli's F(^n. 
Q Laboratory projects 
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L Density from linear measurements 

2. Elastic modulus of wire 

3. Pressure measurements 
av Manometer— liquids 
b. Barometer— gases 

1. Archimedes' Law 
5. Torsion pendulum 

IV, Statics 

A. Units of instruction 
L Vectors 

a. Graphic representations and solu- 
tions 

b. Simple analytical examples 

2. Conditions for equilibrium of concur- 
rent forces 

:J. Friction 
\. Monfents 
U. Laboratory projects 

L E(iullibrium of concurrent forces 
2. Coefficient of friction 

\\ Kinematics— Rectilinear Motion 

A. Units of instruction 

L Speed/ distance, and time 

2. Scalar and vector aspects of kinematic 

(juantities 

Velocity 

4. Acceleration 

5. Analysis of rectilinear motion 
H. Laboratory projects 

L Projectile motion 

2. Mathematical analysis of vector prob- 
lems 

VL Dynamics 

A. Units of instruction 

\. Newton's first law 

a. Mass 

b. Inertia 

2. Newton's second law 

a. Force and motion 

b. Reference frames 

3. Newton*s third law 

li. Laboratory projects 
L Atwood's machine 
2. Simple machines 

VIL Angular Motion 

A. Units of instruction 

1. Center of mass 

2. Circular motion 

3. Centripetal and centrifugal forces 
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II. bora lory f>rojvv{s 
Ci'tUriptlal lorct* machini' 

YIll. Work, Knorgy, and Power 

A. Ijiils of inslruclion 
K Work 

a. Definition and units 
Forms of work 

2, Knergy 

u. Dofinilion and units 

(!) Kinetic 

i2) I'olcniial 
h. Forms of energy 
e. Conservation of energy 

3. Power 

ii. Definition and units 
t). Power measurement 
H, Laboratory projects 

1. Conservation of energy 

2, Power measurement- Prony Hrake 

Texts and References 

Ei^:iSKK; A/i)Jer7i Tt'cftniraf PA^sics. 

CONDON AND ODISHAW. Handbook oj Physics, 

ll\Lt.H)AY. Physics for Students of Science atui 

Engineering. 
IL'\HKIS. Experiments in Apptlied Pkysii^s. 
IIAHRIS AND HKMMKKLISG. htroductori/ Applied 

Physics. 

WtW^m, Conceptual Physics, 
JOSKPH ANJ> OTHKRS^. Physics for Engineering 
Technology. 

McCOHMlCK. FundamentaU of University Physics, 

SVIJ.FM. College Physics, 

iXH.r.ACK, Applied Physics, 

SMITH AND COOVr.B. Elements of Physics. 

WillTK AND OTHKHS. Practical Physics. 

Visual Aids 

Association Films, 600 Madison Avenue» New York. N.Y. 
10022, 

The Kinetic Theory of Matter, 16 mm., 13 min., color, 
sovnd. 

Coronet Instructional Films. 65 East Southwater Street. 
Chicago, in. 60601/ 

Engines and How They Work, 16 mm., II min., black and 
while, sound. 

Forces: Composition and HesoluHon, 16 mm.^ W min., 
black and white, sound, 

fnertial Mass and the Laws of Motion, 16 mm., 16 min., 
color, sound. 

Laws of Oases, 16 mm., 11 min.t black and white, sound. 
Afns s nnti Weight, id mn). AO vnir\,,€o}or, sound. 
Metric System, 16 mm., 11 min., b/w or color, sound. 
Specific 0 ra vii y and Arch imedes ' Principle, 16 mm 1 1 
min., black and white, sound. 

Velocity and Acceleration, 16 mm., 11 min., black and 
white, sound. 

KncyH^jpiii-dia hritannica Films, Inc.. 1150 Wilmt-tU- 
Avrnue. Wilmelte, l\l 6009). 

Galileo's Laws of Falling Bodies, 16 mm., 6 min.. black 
and white, sound. 
Q iow to Meaaure Time, 16 mm.. 1 1 min., color, sound, 
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Im ws of Motion, 16 mm-. 12 mln„ color, sound. 
Mechanics iSeries of 11 films, lessons 7, 9, 12, 14, 17, 20. 
28. ^32. 42, 43, 14), 16 mm,, 30 min.. black and whUc. 
sound. 

Properties of Matter iSeries of 4 films, lessons \ , 8, 11. 

13). 16 mm., 30 min., black and H'hitc, sound. 

Units of MeasHremeuU \^ mm,, 30 min., black and white, 

sound. 

McOraw-Hid Hook Company, Inc., 330 West 42nd Street, 
New York, N.Y. 10036. 

l/nifonn Circular Motion, 16 mm.j 8 min., black and 
white, sound. 

University of Illinois, Visual Aids Service, Champaign. 111. 

61820. 

The Atom: How Bit is An Atomf, 16 mm., 28 min., black 
and white, sound. 

The Atom: What Makes Atoms Stiek Togeiherit, 16 mm., 
27 min., black and white, sound. 



PHYSICS If 



Hours Per Week 

Class, 3; Lahoratory» 3 



Description 

This course introduces the basic physics of 
gases in enough detail to allow for qualita- 
tive understanding of atmospheric pro- 
cesses. Heal, kinetic theory, and thermody- 
namics are al.so developed with this in mind, 
I/ight, electricity, and magnetism are 
oriented toward preparing the student for 
using and understanding appropriate in- 
strumentation as well as further technical 
study. Laboratory work is stressed with 
relevant c({Uipmenl emphasized. 

Major Divisions 

Houn 
Lahom- 
Class tory 



I. Heat and Temperature ... 4 6 

II. Heat Transfer . . / 3 3 

III* Thermal Properties of 

Oases 4 3 

IV. Kinetic Theory of Gases 7 6 

V. F:iectrostatics* 3 3 

\'I. Current Kleclricity ... 6 6 

VII. Magnetism 4 6 

Vin. Direct Current 

Measurements 5 3 

IX. Alternating Current 

Measurements 5 6 

X. Light 3 3 
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XL The Kolalionship between 
Thernuil, Kleelrical and 
Mechanical Work, 

Knergy, and Power 4 3 

Total 48 48 



I. Heal and Temperature 

A. Units of instruction 
L Temperature 

a. Common scales and units 

b. Instrumentation 

2. Definition of heal energy 

a. ileal capacity 

b. Specific heat capacity 

c. Lalenl heat 

d. Change of state 
H. Laboratory projects 

1. Thermometer calibration 

2. Coefficient of linear expansion 

3. Specific heals of various solids 

IL Ileal Transfer 

A. Unitsof instruction 

1. Thermal e^juilibrium 

2. Heat transfer 

a. Conduction 

b. Convection 

c. Radiation 

3. Instrumentation— pyrometers 

B. Laboratory projects 
Newton's Law of cooling 

IIL Thermal Properties of Gases 

A. Units of instruction 

1. Avogadro*s Liiw 

2. Boyle's Law 

3. Charles' Law 

4; I)alton*s Law of partial pressures 
5. Kxternal work and thermal energy 
1$. Laboratory projects 

Boyle's and Charles* gas laws 

IV. The Kinetic Theory of Gases 

A. L'nits of instruction 
L Knergy 

2. Pressure 

3. Heal gases 

a. Critical points 

b. Liquefaction of gases 

c. Fractional distillation 
1. The atmosphere 

Q a. Origin 
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b. Composition 
e. Vertical structure 
d« Knergy content 
e« Weather and meteorology 
B. Liiborjilory projects 

1. Vapor pressure versus temperature of 
various liijuids 

2. Measurement of relative and absolute 
humidilies 

\\ Klectrostatics 

A, Units of instruction 

1. Kleclrlc charge 

a« Protons and electrons 
b. Units 

2. Coulomb's I^aw 

3. Klectroslatic induction 

4. Electric fields 

5. Potential difference 

6. The capacitor 

B. Laboratory projects 

The force between two charged spheres 

\'L (!urrent Electricity 

A. Units of instruction 

1. Definition of current 

a. Electron motion 

b. Ion motion 

c. Units 

d. Direct and alternating currents 

2. Resistance 

a. liesistivity 

b. Conductors 

e. Insulators 

d. Semiconductors 

3. Electromotive force 

a. Sources 

b. Units 

4. Ohnvs Law 

5. Electrical power 

6. Thermionic emission 

7. Common circuit elements 

a. Capacitors 

b. Inductors 

c. Rheostat 

U. Laboratory projects 

1. Resistances in series and parallel 

2. Wheatstone bridge 

3. Ions in solution 

VIL Magnetism 

A. Units of instruction 

1. Atomic Theory of magnetism 

2. Permanent and electromagnets 

3. Magnetic forces 
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1. Maj{ni'lic lu»Uls 
*\ Mdjcru'tif |frt)}i(*rtics of matter 
FiTromaismolism 
I), l\^ramiiKnclijim 
v. DiamaKnolism 
(). Thi' varlh's ma^nt'lio tivUi 
7. Kli'(lromu^,'nelic inducUon 

U, Lalioratory projods 

1. Indm'i'cl oU'tlromolive force 

2, The ian>,'enl galvanomeler 

VIII. Diret'l (.'urrenl Measureinenis 

A. Units of inslruetion 

L DC meters and instruments 

a. Tuning coil instrun^onts 

b. The dVXrsonval movement 
i\ DC ammeters and shunts 
(I, DC voltmeters 

e, Meter sensitivity 

f. Galvanometers 
Ohm meters 

2, The DC eU-tlric motor 
H. lAihoratory projerls 

1. Oaivanomelers, ammeters, and volt- 
nieUTs 

2. Tht' poti'nUometer 

IX. AlternatinK (Current Measurements 

A. Units i)f inslruetion 

1. (jeneration of alternating current 

a. AC generators 

b. Commutators 

2, Phasors and phase angle 

JJ, Avt-rage and UMS vatuos oi alternat- 
ing furrent and voltage 
1/ lndiJ<'livi' reactance 
:1. Capacitive riMctance 
f). Im|)e(lance 
7. A(* motors 
H. Laboratory projects 

1. A(' current and voltage measurements 

2. Freciurncy measurements— the oscil- 
loscope 

X. Light 

A, Units of instruction 
L fi.cometrica) optics 
a. Reflection 
Ik liffraction 

c. lAmses 

2. l*hysical optics 
a. Diffraction 
Q b. Polarisation 
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U, Laboratory projects 

Plane surface reflection and refraction 

XI. The Uelalionship Hetween Thermal, Elec- 
trical and Mechanical Work, Knergy and Power 

A. Units of instruction 

1. Unit conversions 

2. Physical processes 

a. Photoelectric effect 

b. Thermoelectric effect 

c. Energy conversions in the refrig- 
eration cycle 

d. First and second laws of thcrmody- 
namics 

e. Knergy production by nuclear 
methods 

r. Conservation laws 
15. Laboratory projects 

Mechanical eiiuivalent of heal ^* 

Texts and Keferences 

UyAi>yAi. Mmliru Tkchnical PhysiCs. 

IW'HUAS nftd SCUMITT. ( hi J trstayuling Electricity aitd 

1 hi -) .1 1 ) A V / Phi/s ICS fo r Students of Sole nee and 

liVNTKN- fntroduction to Elecfronics. 

JOSKI'H AM) OTHKRS. Physics for Engineering 

Ti'chnology. 

Mct'OKMirK. Fujidamentals of University Physicd. 

MII.I.KK. Coik'ge Physics. 

]\)\A,M K. Appiied Physics, 

SMHII AND CooeKH. Elements of Physics. 

UHITK AM) OTIIKRS. ProcticQl Physics, 

Visual Aids 

The following films are all available from the Visual Aids 
Service, Division of University Extension. University of 
Illinois. They are all 16 mm,, sound and are described 
further in the 71 74 "Science F^ilms*' catalog from the 
University of Illinois. 

Atmosphere and Us Circulation, lU min,. bJack and white. 
Atmospheric Pre ssure uith the Magde burg Erpc rimcnt, 
9 min., black and while, 

Hasic Eieciricity as Applied to Electronic Control 
Systems, 20 min., color. 

Cathode Ray Oscilloscope, 20 min., black and white. 
t}e mom i rating the Gas Laws, 21 min.* color. 
Ekrtn'f'if t/ fpid Magffetism: Lessons 1. 2, 5, 8. 10. 12, 13. 

IH. 2: J. of the Kn( y< l<t|>av(lia Mrilannt^a series, 30 
min.. Iil.irk nm\ while. 

Kkciumngneiic Induction, 14 m.in., black and while. 
Electrostatic Charges and Forces, H min., black and 
while. 

h'undiWitnldU of AC and DC Generation, 19 min., color. 
Gas iMU's and Their Application, 17 min., black and 
white. 

The Kinetic Theory of Matter, 13 min.» color. 
Lnivs of Gases, 11 min., black and white, 
l^enses, 10 min-, black and white. 
Magnetism, 14 min., black and white, 
\ature of Heat^ 10 min., black and white. 



Ohm'i Lau\ 19 min., bkck and white. 
HoiQUng Magnetic FiVWj, 13 min., black and white. 
SfH t'lnigraph, Thi; 20 inin- foior. 
Thermodynamux 10 mIn.. black and white. 



HIOLOGY 

Hours Per Week 

Clos:?, 3; Ijaboralory, 4 

Descrtpiion 

This course diMls with the basic roncepts of 
environnienlal biology and the study of liv- 
ing organisms as functional units. The prin- 
v\[)\v% involved in the interrelationship of 
Ihe various systems and the overall func- 
tioning of the organism are studied, Con- 
cepts of cellular respiration, energy rela- 
tionships, nutrition, photosynthesis, repro- 
duction and physical and chemical conv 
ponents of living things are discussed. In 
addition, such concepts as energy flow, eco- 
Iv^gical niche, environmental resistance and 
various factors contributing to the upset of 
such balance are considered. 



Major Divisions 

L Nature and Scope of 

Science . . 1 0 

II. Cellular Structure 

and Function . . . . / 3 4 

IIL Knergy in Living 

Systems 4 4 

IV. Photosynthesis ' 3 8 

V. Cellular Metabolism 3 8 

VI Hej)rod action .... 5 4 

VII. Nature of the Kcosystem . 3 4 

VIII. Major Hiomes 2 0 

IX. Energy Flow in an 

Ecosystem 2 4 

X. Hiogeochemical Cycles H 4 

XI. Interaction in an 

Ecosystem ... 4 4 

XIL Evolution and Populations , 6 4 

Xlil. Ecology of Populations .... 3 4 

XIV. Changes in an Ecosystem .. 1 4 

XV. Upsetting the Balance 1 4 

XVI. Endangered Natural 

Communities 2 4 

XVII. Human Populations 2 0 

Total 48 G4 



I. Nature and Scope of Science 

A* Units of Instruction 
L The Scientific Method 
a. Observations 
1). Hypothesis 

c. Experiment 

d. Conclusion 

e. Theory 
W Law 

2. Science and philosophy 
H. Laboratory projects: none 

IL (Vtlutar Structure and Function 

A, lUiits nf instruction 

L Diversity and similarity of cells 

a. Ceil size 

b. Surface area and environmental in- 
teraction 

c. Viruses 

2. Cellular organelles and their functions 

a. Nucleus 

b. Mitochondria 

c. Uibosome 

d. Cell membrane 

e. Endoplasmic reticulum 

f. Cyto|)!asm 

g. Ch!oroplast 

h. Lucoplasts 

i. Golgi bodies 
j. Lysosonies 

3. Multicellular organization and special- 
ization 

li. Laboratory projects 

L General survey of cell types and sub- 
cellular organelles. (Cork, elodea, 
i)nion skin, potato tubes, onion root 
tips, root hairs and stained slides may 
be used). 

2. Use paper chromatography techniques 
to separate subcellular com|)onents. 

HI. Energy in Living Systems 

A. Units of instruction 
L Forms of energy 

a. Kinetic 

b. Potential 

c. Chemical 

d. Light 

e. Heat 
Mechanical 

g. Electrical 

2. Transformation of energy and encrgj^ 
levels 

3. Enzymes und catalysis 



4. Oxidation and reduction 
5» IliKh c^norgy molecules 

a. ATl> 

b. NAI)ll2 
i\ FADUg 

H. ljahora(ory projocts 

1. Use of a calorimelor lo determine 
amount of energy in various living 
things. 

2. Determine the source of energy in spe- 
cific organisms and the effects of a 
hreal< in the flow of energy from its 
source. 



IV^ Photosynthesis 

A. Units of instruction 

1. History 

2. Potential 

3. Absorption of light and pigment sys- 
tcm 

4. Light reaction 

5. Dark reaction 

<). Summation ~ rate comparison 
7. Kffects of air pollutants on photosyn- 
thelic rates 

a. Decrease in light intensity 

b. 002 levels 

c. Chemical inhibitors 
li. Laboratory projects 

L Inarticulate air pollutants often settle 
on the surfaces of leaves, which could 
interfere with the photosynthetic 
process. Apply an artiiicially induced 
covering of dust to a plant and meas- 
ure the rate of photosynthesis. Com- 
pare with nn identical plant not treated 
with dust. 

2. Study absorption data of various plant 
pigments with the aid of a spectropho- 
tometer. 



V. (Vllular Metabolism 

A. Units of instruction 

L Anaerobic respiration 

a. Kthanol formation (fermentation) 

b. Lactic acid formation 
2* Aerobic respiration 

a. Glycolysis 

b. Krebs cycle 

c. Terminal electron transport system 

B. Laboratory projects 

1. Demonstrate fermentation. 

2. Test various foods with Benedict's so- 
lution and iodine. 



3, Demonstrate the release of CO2 dur^ 
Ing respiration. 

4, Activity of various enzymes on foods. 

5, Demonstrate the liberation of CO2, 
consumption of O2 and heat release. 



VL He product ion 

A. Units of instruction 

L Role of the nucleus 

a. Chromosome 

b. Diploid and haploid number 

2. Mitosis 

3. Meiosis 

4. Life cycles 

5. Mendelian genetics 

a. Monohybrid crosses 

b. Dihybrid crosses 
B. Mutations 

a. Chemical mutagens in polluted air 

b. Radiation 

i\ Other mutagenic agents 

d. X-rays 

e. Chemical mutagens 

f. Ultra violet radiation 

g. Spontaneous mutation rates 

h. Increase of mutation and its effect 
on the gene pool 

B. Laboratory projects 

1. Mitotic figures (prepared slides) 

2. Meiotic figures (prepared slides) 

3. Trace life cycles of various organisms 



VII. Nature of the F]cosystom 

A. Units of instruction 

1. Soil types 
a^ Sand 

b. Loam 

c. Silt 

d. Clay 

2. Solar radiation 

a. Visible light 

b. Wavelengths 

c. Usable energy 

d. f^fficiency in conversion at each tro- 
phic level 

3. Complex interrelationships 

a. Solar radiation 

b. Plants 

c. Herbivores 

d. Carnivores 

' Decomposers 
f. Nu^rir^nt pool 

B. Laboratory projtitl*^ 

L Make a field trip to an area to deter- 
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niino Ki^noral physical and biological 
c'haraeU»risUcs, 
2. (*ollocl planls, animals^ soil, water, 
(»to., for further Mudy in Iho laborato- 
ry- 



VIII. Major Hionics 

A. Units of inslruclion 

1, Tundra 

2, TaiKa 

\i. Dociduniis forest 

Tomporale grassland 
5. (!haparral 
it, Doserl 

7. Tropical rain forest, deciduous forest, 

scrub forest and savanna 
S. Mountains 
1$. l/aboratory projects: none 

IX. Knergy Flow in an Ecosystem 

A, Units of instruction 

L First law of thermodynamics 
2. Second law of thermodynamics 
li. Knorgy fixation by autotrophs 
ti. Photosynthe^sis 
b, Efficiency in production 
1, Trophic levels and energy 

a. Primary consumer (herbivores) 

b. Secondary consumers (carnivores) 

c. Tertiary consumers (secondary car 
nivores) 

(I. Decomposers 

o. Omnivores and complex systems 
}i. Laboratory' projects 

1, Seal a small snail in a test tube and va- 
ry the conditions (with soil; with 
plants; etc.) Determine how long it can 
survive. 

2. Study a food web of the organisms in a 
very small area, 

X. Biogeochemical Cycles 

A. Units of instruction 

1. Water 

2. Nitrogen 

3. 02" C02 

4. Sedimentary nutrients 

5. Carbon 

6. Nutrient budgets and the ecosystem 
K. l/aboratory projects 

1. Make field trips to observe soil types, 
O erosion, watersheds, and measure- 
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men! of rainfall. 
2. Determine C()2 utilization by plants or 
COg production in a small enclosed jar 
filled with a fow plants and animals. 

XL Interaction in an Ecosystem 

A. Units of instruction 

1. Predatton 

a. Natural defenses 

F'ood supply 
c, Value of predation 

2. Parasitism 

a. Parasite host relationship 

b. Epidemics 

3. Mutualism 

4. Interspecific competition 
U. Laboratory projects 

L Study a small pond and took for inter- 
relationships between life forms. 

2. Prepare a balanced sealed ecosystem 
in the laboratory. 

XIL Evolution and Populations 

A. Units of instruction 

1. (ienetic makeup of populations 

a. Genetic variations 

b. Gene pools 

c. Natural selection 

d. Genetic drift 

2. Adaptation 

a. FVotective coloration 

b. Mimicry 

c. Warning signals 

(I. Physiological and biochemical 
adaptations 

3. Species and speciation 

a. Units of population 

b. Speciation 

c. Isolating mechanisms 
H. Laboratory project 

Expose several different kinds of lichens 
to known concentrations of common air 
pollutants such as carbon monoxide, sul- 
fur dioxide and hydrocarbons. Determine 
the relation between specific pollutant 
concentration and the effects on popula- 
tions of lichens. 

XIII. Ecology of Populations 

A. Units of instruction 

1. Population growth 

2. Equilibrium of populations 

a. Mortality rate 

b. Food supply 

c. Heproductive success 
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<U Ki'olo>i[it»al niche 
M. liiilionitory prnjccls 

L Doloriniiip iiredalur proy relations in 

field situations 
2, hook for parasite-host relationships 
\), IMol epidemics of various diseases 



Xl\\ t'hanxes in an Keosysiem 

A. Units of instruction 

1/ Kcological succession 

2. Climax ecosystem 
H. Laboratory projects 

1. Delerminenvhat types of changes are 
natural in an ecosystem. 

2. Fielci work- what stage of change is a 
particular area undergoing. 



X\\ l')»svttin^ the Halance 

A. Units of instruction 

1. Pollution 

2. Overpopulation 
1^ I^^ibomiory projects 

1 . Oetermine the median lethal dose 
^MLD) of several common air pollu- 
tants on groups of mice, rats or ham- 
sters. 

2. Ksiimate the effects of various air pol- 
lutants i>n the plants in a selected in- 
dustrial area. 



X\'I. Kndangere<l Natural Communities 

A. Units of instruction 

1. Kxtinetion 

2. KnrlanKt^red species 
Regulations for prcservatro/* 

H; liahoratory projects 

1. Determine what populations or eco- 
systems are in danger. Determine the 
various factors involved. 

2. Hel|j save a local endangered species 
or natural community. 



Texts and References 

iJOUCiUKV. fJcotogy of Popuhiiotu. . 

UMiDIN. Populaiiou, Kvokthn ami Ifirth Controi^A 

Cottage of Coniroverml Ideas. 
KyXTi\S. BiotogiCQl Sciences, 
K0U\\0S\\\, Concepts of Kcology. 
liiUNKK, Heredity, th'olulion and Sockty. 

Visual Aids (Films are color. 16 mm.) 

Harper and Row, Publishers. Inc., College Department, 
Now York, N.Y. 10016. 

Amoeba EnucleaH'on, mmiS CartrWge; mUm 
Heel; 3 min.» 5 sec. 

Cytoplasmic Motility. mi5m Cartridge; m-75l60 
Reel; 3 mm. 10 sec. 

The l>ivuling Cell, #81 5936/1. 3 min. 40 sec. 
KvoUtion of Protective Coloration, #04 78156 Cartridge; 
Aa4'78164 Heel: 3 mln, 45 sec. 

Dativin's Voyage, set of 6 color film loops In super 8 

carlrldges. 
[The Voyage of the Beagle, 6i 7494/1) 
i Brazil Tropical Rain Forest, 81-7502/1) 
j The Galapagos; Geological Evi»k7ice, Sl-7510/1) 
{ Thi' (in h pa go s : Pa ruin 's Fin eh es, 8 1 -7 528/ \) 
xThe Galapagos; Igmnas, 81^7536/1) 
\The Galapagos; Tortoises, SVISii/l) 

Plankton: Food Webs and Feeding Helatio^uhips, *(8l- 

6850/h 3 Win, 40 sec. 

Prey Predator Interactions - The Moth, the WasptCnd 
the Mite, W04-78735 Cartridge; W04-78743 Reel; 3 min. 30 
sec. 

PoUutim, two loops, Part 1: The Problem. //04'7865I 
Carlridge; ^^04-78669 Reel; Part II; Is There a Solution?, 
#04 78933 Cartridge; #04 78941 Reel; 3 min. 40 sec. each. 

BfoWi's\ sei oi \. 

\\Vorld Uistribution of Biomvti, #04*79071 Cartridge; 
#0t 71H)S9 Kt'ol) 

i/Jrtf Si'nsfVt Trupkal Forest, #01 7{K>55 Cartridge; #04- 
TMJOfs Kt-el) 

iTropii'iil Forest, W0J-790r>r) Cartridge; #0179063 
Kt-cl) 

\iirnsshmh. «0 J 790:10 Cartridge; #04 79018 Hcei) 
McGraw Hill Book Company, Text Film Division. 3S0 West 
42nd Street. New York. N.Y. 10036. 
Mystery of Life, #H0 76, 25 min. 
Riddle of Heredity, «H0 87» 30 min. 
Sitandhttf Room Oidif, WHO 99, 2,'> miii. 

Winners. #R0 99. 30 min. 
Snrvivixt in thv Sni, #R()90. 'M) min. 



W'll. Hu m;m Populations 

A. Units of instruction 

1. Optimum |)opulations 

2, Birth control 
Food i^rofiuction 

1. Limits of thr i^irlh 

Q }\. Lahnratory projods: nonv 

ERIC 



70 



AUXILIAf^Y OR SUPPORTING TECHNICAL 
COURSKS 

MKTKOROLOGY 



Hours Per Week 

Class, 1; Laboratory, 3 

Description 

The movemenl of air masses is directly re 
sponsible for the dispersion of air pollutanls 
in the atmosphere. Therefore an under- 
standing of some of the basic meteorological 
fundamentals is essential to the air pollution 
technician. A study of some meteorological 
measurements leads to a consideration of 
the variables involved in describing 
weather systems. 

Topics including global convection currents, 
rotational effects, moisture content, air 
velocity and turbulence are studied as con- 
tributing factors to the phenomenon known 
as "weather" From a consideration of 
weather on a global scale, the student is 
introduced to local air movements, fronts 
and lapse rates as they affect air pollutant 
dispersion. Topographic features are 
viewed as factors influencing local weather 
conditions. Weather forecasting is pre 
sented as a useful tool in predicting the oc- 
currence of adverse nir pollution conditions, 
liaboralory [jrojects emphasize practical 
experience in operaling various types of 
meteorological e([uipment and instruments^ 
A field trip to a meteorological station is in- 
cluded to provide first hand observations of 
con^monly used e<juipment and techni(jues 
in weather forecasting and reporting. 



Major Divtstons 



fjihont 











L 


Meteorological 








Measurements 


1 


6 


II. 


Laws (ioverning Atmos 








pheric V^iriables 


2 


a 


III. 


Solar Radiation and the 








Globn! Heal Balance 


2 


3 


IV. 


Lapse Rales and 








Stability 


2 


:] 


V. 


FiVaporation and (Ion 








densalion 


I 




VL 


(i^'neral and Secondary 







Circulation and [.ocal 

Air Movements 2 6 

VII. Air Masses and Fronts . , . . 2 6 
MIL Weather Analysis and 

Forecasting .... 1 6 

IX. Turbulence 1 6 

■ X. Diffusion from a Continuous 

Source 2 3 

Total 16 48 



I. Meteorological Measurements 

A. Units of instruction 

L primary meteorological measure- 
ments 

a. Wind direction 

b. Wind speed 

c. Wind turbulence 

2. Secondary meteorological 
measurements 

a. Temperature 

b. Visibility and turbidity 

c. Humidity 

<l. Precipitation 
e. Solar radiation 

3. Instrument siting, mounting, and pro- 
tection 

a. Principles of instrument siting 
I). Fixed instruments 
c. Movable instruments 

4. Instrument requirements 

a. Minimum instrumentation 
(1) Recording wind vane 

tl!) Tnlali/ing cup anemometer 
Vf)) Towers 

b. Intermediate instrumentation 

(1) Adequate towers 

(2) Wind vanes 

(3) Totalizing cup anemometers 

(4) Shielded temperature sensors 
(.5) Gust accelerometer or bivane 
(6) Rain gages 

c. Maximum instrumentation 

1 1) Instrumentation mentioned 

above 
{2) Wiresondes 
<3| Rocketsondes 
{4) Rawinsondes 
<5) Aircraft observations 
<G) Mobile meteorological stations 
\1\ MelenroJogical data loggers 

[J. Laboratory prfijects 

1. Study several of the following instru- 
ments paying close attention to siting, 
mounting, and mobility: 
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a. Aiu^nionH'ter 

b. Uivano 

Sling psychromelor 
<L Maxinuim minimum thormometer 
i\ Ruin gag^^ 
I'. Solarimrlor 
2. MiUtiLTin wintl speed and direction 
midings, precipitation* minimum and 
maximum lemperature readings, and 
himndjty readings for one week. Com- 
pare these data with similar intorma- 
lion furnished by a nearby weather 
.station. 

II. Uaws (loverning Atmospheric V^arlablos 

A. Units of instruction 

1 . j ias laws 

a. Variables of slate 
I). (^harJe.sVLaw 
K\ Jioyle's Kaw 

d. nation's Rule 

2. Newton*s 2nd Ijaw 

a. Hydrostatics 

b. Wind and pressure 

A, Humidity and water vapor 
^ .'u Wet and dry bulb temperaUnw 
b. Humidity ratio 

e. Relative humidity 

d. Thermodynamic dew-point temper- 
ature 

e. JVsyehromelric charts 

i- Transport properties of moist air 
H. liabiMMtory projects 

1. Measure the local wet and dry bulb 
temperatures using a sling psychro- 
mi^Jer. 

2. Determine the relative humidity of the 
air using wet and dry bulb tempera- 
lure readings and a psychrometric 
chart. ('om[)are with humidities ob- 
tjined with a thermohnmidigraph. 

3. Determine the dew point of the air. 

1. Kxamint* the properties and interrela- 
tionships displayed on a psychrometric 
chart. Construct a isopleth for each of 
the principal quantities. 

HI. Solar Ua<liation and the Global Heat Balance 

A. Ifjiits of instruction 
L Solar radiation 

a. The sun 

b. The "un-rnh^iusi^" effect 

c. Tht' soLir constant 

2. The global heat balance 

a. The earth-atmosphere system 
(1) Ground 



(2) Troposphere 
ii) Stratosphere 
f H S(jaa» 

b. Variables affecting the heat balance 
(1) Temperature 

^2) Pressure 

IJJl Properties of hoatabsorWng 

and heat-emitting g<ises 
ID Cloudiness 

c. Th<» meart annual heat balance 
(I) Short-wave radiation 

la) Sources 
lb) Absorbing media 
i2| Long wave radiation 
/.']) Non radiative effects 
(a) Kvaporation 
ibl Turbulence 
(c) Ocean 
H. liaboralory projects 

r>i))g ("limtffohH^h'iil iMlfu compare 
the solar radiation reaching the earth 
for various latitudes and longitudes 
covering the United States. 
1-'. i'sing rawinsonde data {Ciimutolofpcat 
Ihitn). I'rnm a nearby station, make a 
lemperature-aUitude plot for a winter 
oioftth and a summer month. Compare 
the curves. 



\\\ liicpse Rates and Stability 

A* t^n^ls of instruction 
L Lapse rates 
a. Definition 
hv Strong lapse rate 

c. Dry adiabatic lapse rate 

d. Weak lapse rate 

e. isothermal 

f. Inversion 

2. Stability and instability 
a. Absolutely stable 
\h Saturated neutral 

c. (!onditiona!ly unstable 

d. Dry neutral 

e. Absolutely unstable 
II, l*aboratory projects 

1. \ ^inv. ihi' data from the previous la* 
Imralory prtijecl, identify the lapse 
liUvs \\u\ivaiiH\ hy the data and discuss 
the relative stability of the atmos- 
pheres represented by the data. 

2. Disruss how the concentrations of pol 
lulants from a source might be affected 
by ehanges in atmospheric stability. 
Kxamine the weather conditions w^hich 
(irrvailed during major air poUution 
disasters. 
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V. KvaporiUSon ami Condonsation 

A. Units of inslruclion 

1, KvaporaUon front bodies of water 

a. Kffei'l of wind speed 
1). Kffecl of atmospheric moisture con- 

tent 

2. Condensation 
n» Clouds 

ill Formation 

(2) Classification 

(3) Man-made clouds 

b. rrecipilation 

(1) l*reeipitation processes 

(2) Precipitation types 
H, Laboratory projects 

1. Resludy the various pieces of e<|uip- 
menl available for measuring precipi- 
tation. Compare on the basis of cost* 
maintenance* and accuracy. 

2. Locale several sources of precipitation 
data. 

a. Local weather stations 

b. Airports f 

c. Agricullurat facilities 

d. Uadio and TV stations 

e. Fire weather service stations 
r Climatological data 
K- IK^ily weather map 

V[. General and Secondary Circulation and 
Local air movements 

A. iJniis of instruction 

t. Factors influencing general circulation 

a. The global heat balance 

b. The rotation of the earth 
2. Palmen's Model of general circulation 

a. Polar tropopause 

b. Polar front jet 

c. Polar front 

d. Tropical tropopause 

e. Cyclones and anticyclones 
:i. Winds 

a. Definition 

b. Factors affecting winds 

(1) Coriolis force 
{2\ Pressure gradient force 
(3) Friction force 

c. Sources of wind velocity and direc- 
tion data 

U) Weather maps 

(2) Wind roses 

(3) Other sources 

(4) Influence of topography on air 
movement 
la) Valley effects 

Q ib) Shoreline winds 
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(c) Urban effect 
fi. liaboraiory projects 

1. Make a field trip to a wealher station. 
Identify the Instrumentation used 
there, paying particular attention to 
siting* mountings, and methods of data 
reduction. 

2. For a set of wind direction and speed 
occurrences, remove the bias for a 
wind rose and distribute the calms. 
Plot the resulting wind rose. 

3. Study examples of the following spe- 
cialized wind roses: 

a. PrecifM'(alinn wind rose 
I). Stability wind rose 

c. Pollution wind rose 

4. Study the symbols used on weather 
maps. 

5. Compare meteorological data for a 
large city with data for some nearby 
rural area. Discuss how each of the fol- 
lowing metcorologic parameters might 
be affected by a city. 

ii. Temperalurr ("heat*island** effect) 

b. Humidity 

c. Precipitation 

d. Snow 

e. Cloudiness 
I'. Wind 

VIL Air Masses and Fronts 

A. Viuis of instruction 

1. Air masses 

a. Maritime air masses 

b. Continental air masses 
1'. Arctic origin 

d. Polar origin 

V. Tropical origin 

2. Fronts 

<». Formation of frontal systems 

b. l*oIar and equatorial fronts 

c. Cold fronts 

(1) Lifting stable air 

(2) Lifting unstable air 

(3) Barometer response 

d. Warm fronts 

(1) Advancing warm air 

(2) Stable warm air 

(3) Unstable warm air 

(4) Barometer response 

e. Stationary fronts 

f. Warm fronts 

g. Occluded fronts 

h. Fronts as shown on weather maps 
H. Laboratory projects 

L Make models of several types of front* 
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al woathor. 

2. Diagram srvi-ral stages In ^.h ' Utv his- 
tory of a frontal low. 

JJ. Maintain baronu'ter reading when a 
tVonlal system passes, 

t. Obtain weather maps (or several days 
Iraee ihr ino\rnuMU nl high ami 
luu piesstire t elts. 



VIIL Wi'ather Analysis and Forecasting 

A, Units of instruction 

1, U.S. Weather liureau services 

a. 24'hour detailed forecasts 

b. General 5 day forecasts 
V. 30 day genera) outlook 
d. Aviation forecasts 

1'. Warnings 

2. Korecasiing 

a. Weather lore 

b. Data collection 

1'. Wi'ather nuips and rharts 

d. Numerical forecasts 

e. The forecast reliability 
ir t.jiixH'atory iirujiTts 

t, Malst' a b 12 hour forecast basnl on the 
use of the }»ersistence and a single 
weather map. 

2. Compare several daily weather maps 
and make a forecast for the next day 
based on this comparison. 

:i. Mak*' a fnrreasi l)asrd on "weather 
si^ns, baiV)?n('U'r. and wealhrrvane 
ifadinu'^. 



IX, Tiirl>uU»n<'r 

A. 1 nit s ni insi riirlioii 

r Variability of the wind 

a. Mechanical turbulence 

b. Thermal turbulence 

2. Turbulence and Atmospheric Stability 

a. Incb'rect measurement of turbulence 

b. Strong !aj)se rates 
e. Inversion conditions 

H, Laboratory t>rojects 

1. SlJjdy several methods of measuring 
wind turbulence 

a. Kapid re.sf»onse wimi instruments 
(I) Wind vanes 

{2) IHvanes 

i'i} Anemometers 

\ \) (lUst accelerometers 

b. Indirect measurement of wind tur- 
bulence 

(!) Temperature lapse rates 



(2) Fiadiation 

(3) Smoko photography 
Monitor wind speed and direction for 
several days and compare degree of 
turbulence with turbulence indicated 
l)y measured lapse rates. 



X. Diffusion From a Continuous Source 



concentrations 



A. Units of instruction 
K Kslimating pollutant 

iron) area sources 

a. Assun^ptions 

ID Approximation of source by 

rectangular area 
{2) Presence of inversion layer 
t3) Complete volumetric mixing 

under inversion layer 

b. F>|uation for pollutant concentra- 
tion 

2, Kstimation of ground level pollutant 
concentrations resulting from conical 
stack plumes 

a. Assumptions 

(D Conical plume 

(2) Angle from source 

b. E<juation for maximum ground level 
concentration {Bosanquet-Pearson 
Kc|uation) 

c. K(|uation to design stack for desired 
maximum ground concentration 
(Davidson Bryant Equation) 

:j. Influence of lapse rate upon stack ef- 
fluents 

a. liOoping 

b. (!oning 

c. Fanning 
(1. Lofting 

e, Fumigation 
I". Trapping 

B, Laboratory projects 

L Work sample problems illustrating use 
of efvuations for estimating ground lev- 
el concentrations of pollutants. 

2. Illustrate stack plumes for various 
lai)se rate configurations. 

Texts and References 

HYKKS. Oenfiral Mettorohgy. 

h>:NSTKKST()('K ANf) FANKUaUSKR. Thankstfiiring 
I'MiH Air VoUiiiion Episode in the Kasiem United 
States. 

]y.m AS]) (yrHKHS. Wiatker, 

t'KTTKKSSKN. hiiroduction to Meteorohgy, 

STKKN. Air Poilaiion. VoL ! and VdL 2. 

II. S, DKeAKTMKNT OF HKAI.TIK KdUCATION AND 
WKIiFAUF. TnH Stocks, Various Atmospheric Phenom- 
ena and Related Aspects, 
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WILLKTT ANt> SANUKRS. Degcriptire Skleorolgy. 
WORtilJ IU':ALTII OKGANIZATIUN. 4!> roZ/uhan 
jo\im<x\ o/ Applkd MvUorology. 
Journal of Meteorology. 
Weather, 

Visual Aids 

(Kilms are color) 
Harper and How Publishers. Inc., New Yorkp N.Y. 10016. 
Climatologyr Som^ Causal Factors. 8 mm., iSupcr). 4 
min^ sound* 

II S, EnvlronmenlaJ Pri^tectlon Agency. Technical Audio 
Visual Branch, Research Triangle Park, N.C. 27711. 
Adiabatk Processes, MAll, 16 mm., M mia, sound. 
Kxisiing Tempamlure Disiribulm, MAIO, 16 mm., 13 
tt^in.. sound. 

Origins of Weather, MA61, 16 mm , t3min.,sound. 
Smoke Diffusion StudUs, MA18. 16 mm,. 21 min., silent. 
Stability and the Weather, MAt3, 16 mm.. 8 min., sound. 
Thermal Con\eciio7i, MA12, 16 mm.. 10 min., sound. 



INTiaUK CTION' TO VVASTFAVATKlt 
1K( IINO[.(KiV 



tlours Per Wevk 

Class, 2\ lu\\\ovi\[iM'\\ '] 



Course Dcscriplton 

This I'ourso provides the student with a 
broad ovt^rvtovv to thi* tiold of w»istewalor; 
its M)uriTS. treatment and effects on receiv- 
ing bodies of water. Topics range from en- 
Kineering considerations to wastewater hy- 
dratdtcs to the complex interrelationships 
exislinjc in biologicn) systems* Discussion of 
some of the basic physical, chemical and hi- 
olo^icai principles provides an inlrcKluction 
to various treatment processes. The treat- 
ment plant itseff is considered as a complex 
instrument designed to perform a specific 
job. The ultimate value of the treatment 
proce.ss is then judged in terms of the ef- 
fects the effluent has on receiving bodies of 
water. Laboratory exercises are selected to 
demonstrate various characteristics of 
wastewater from its origin through treat- 
ment to final discharge. 



Major Divisions 

I. Wastewater 2 3 

11. Wastewater Colleetion ... 2 3 

IIL Industrial Wastewaters 3 6 



IV, Physical Aspects of Waste- 



Wifler 3 3 

\'. Chemical Properties of 

Wastewater 5 9 

VL Hidlogical Aspects of 

Wastewater 5 9 

Methods of Treatment 6 0 

Vill. The Treatment IMant 2 6 

IX. Kffect oi Wastes on 

Receiving Waters 4 9 

Total 32 48 



Wastewaters 

A. Units of Instruction 

1. Necessity of treatment 

a. Protect public health 

b. i'revent nuisances 

c. l*roteet natural resources 

d. Recover resources 

e. Comply with regulatory agencies « 

2. Karly leaders in treatment 

a. Kdwin Chadwick 

b. Thomas Hawksley 

c. Robert Rawlinson 

d. John Uov 

e. John Snow 

f. Kdward Frankland 

g. I*emuel Shattuck 
g. Julian Adams 

i. Allen Mazen 
j. William Sedgwick 
Harle \l I'helps 

3. Quantities 

;i. f Population eharacteristics 

b. Flow per capita 

c. Flow patterns 
/}. Infiltration 

e. Industrial 
l\ Storm water 
]\. l>aboratory Projects 

1. Visit laboratory section of local health 
department. 

2. Predict population growth of typical 
city by graphical projection, showing 
arithmetical, geometric^ and incre- 
mental increase and the population 
census ratio. 

3. Determine yield of watershed by rain- 
fall-runoff relationship. 

IL Wastewater Collection 

A. Units fif instruction 
L Terminology 



ii. SrwiTa^o 

I). SewiT 

Sewage* lype* 

(J. System lyprs 
2, 'J'ranspDrtation 

11. (inivily (low 

h, I'ro.sNuro iiKiias 

c. Pumping stations 

li, UflaliMf e(|iii|)menl 
JJ. Design of eolleclion systems 

iu i'opulalion 

b. Flow forniulAS 

e. Nomografrhs 

i\. Map conslruflion 

e. l^rofiles 

1\ (\>hslrottion malerials 

Ij. Cur^slruction procedures 
liaboral(»ry Projects 
\. TsinK <iata from a municipal sewage 

treat ment plant, plot minimum, max* 

inuim an(f average monthly (lows for 

one year. 

2, Plot minimum* maximum and average 
or^^anic loading by montlis I'or one 
y(*ar. 

3. Determine the effect of rainfall on flow 
variations, 

V, Vnnw sewage plant eeiuipment sizes, 
delern\ine average detention lime vs. 
% .sus(»ended solids removed. 



Ifl. Intiiistrial U'astevvaters 

A, I 'nits of luslriK'tion 

1. Nature of wastes 
iK Inorgi^nit* 

I). Organic 
V, Mixtures 

<L Miscellaneot/s characteristics 

2. Treatment of concentrated eflluents 

a. Cenlrifugation 

b. Filtration 

c. Kvaporalion 
(I. (Concentration 

11) Settling pond 

12) Thickener 
(3) Decanter 

e. Distillation 

f. liiquid liquid extraction 

3. Treatment of dilute wastewater 

a. fJeneral considerations 
\l) Flow data 

\2] I Physical properties 
<3) Chemical composition 
ii) Hiological effects 

b. Treatment refjuircmenls 
e. Neutralization 



tl. laijuid -solids sefiaralion 

e. fiiologicul oxidation 

i. Hemoval of specific components 
g. Plant control firograms 
FiConomic considerations 
L Activated carbon adsorption 

a. liiquid phase systems 

b. Selection of adsorbents 

c* I{eclamation of wastewater efflu- 
ents 

d. Byproduct recovery 
5. Ion exchange systems 

a. Hesins 

b. Kf|uipmcnt and processes 

c. (!osV culculutions 
<L Acid purification 

i\ (Continuous ion exchange 

f. Ion exclusion 
f{. Laboratory Projects 

1. Perform jar tests on samples of in- 
dustrial wastewater using different 
treatment chemicals to determine 
which is most efficient* 

2. Compare recommended treatment 
with treatment actually used. 

3. Observe and identify the principles 
and methods used in an industrial 
wastewater tre^itment process in 'a lo- 
cal plant. 



Physical Aspects of Wastewater 
A. IJnils of Instruction 

1. Temperature 

a. Range 

b. Kffect on decomposition rate 

c. Fiffect on dissolved oxygen 

2. Turbidity 

a. Origin 

0) Organic 
(2) Inorganic 

b. Significance 

11) Aesthetic 

(2) Treatment methods 
13) Sterilization 
r. Methods of determination 
\\) Turbidimeter 

(2) Bottle standards 

(3) (Color discs 

3. Coh)r 

a. Significance 

b. Methods of determination 
(!) Standard color solutions 

12) Color discs 

4. Solid.s 

a. Types 

W) Suspended 

t2) Settleable • 



iJi) IHssulvrd 

1^1) Volatile 

(■)) Total 
b. M('tho<ls of (li»tormination 

ill Kvaparalion 

|2) Filiration 

t3) Sedimentation 
U. Laboratory Projects 

L For a sample of wastewater, make 
temperature, turbidity and color tests. 

2. Using an Imhoff cone, lost a wastewa- 
ter sample for scttleable solids. 

3. Make determinations of volatile, sus- 
pended, dissolved and total solids. 



(■hemical ProjuTties of Wastewater 

A. Units of Instruction 

1. Dissolved oxygen 

a. Significance 

b. Sampling 

c. Testing methods 

11) Winkler 

12) Uideal'Stewart 

Ci) Alkali-bypoi'hiorite 
^1) Instrumental methods 
d» (Calculation procedures 
1 1) Hatfield formula 
\2] Truesdale formula 

(3) SaUiration formula 

2. ('hemicat oxygen demand 

a. Significance 

b. Testing factors 
U) Sample si/e 
|2) Temperature 
{'D Reagents 

(4) Titration 

c. Comparison with BOD 

3. IJiochemical oxygen demand 
a» Significance 

(1) Definition 

(2) Types of demand 

(3) Stabilization time 

(4) Ultimate BOD 

b. Determination 

(1) Dilution water 

(2) Dilution series 

(3) Incubation 

(4) Oxygen depletion limits 

(5) Calculation 

c. Predictive methods 

\\) Strecter Phelps equation 

(2) Hapid ratio method 

(3) Thomas' slope method 

(4) Moore's moment method 

(5) Tsivoglov^s method 

4» Hydrogen^on concentration (pHl 



a. Theory 

(1) Ionization constant 

(2) Ion types 

b. Measurement 

(1) Colorimetrie methods 

(2) Instrumental methods 

c. Significance 

U) Acidity-alkalinity concepts 
[2) Kffects on biological processes 
r>/ Alkalinity 

a. Significance 

b. Methods of determination 
lU Titration 

(2) Instrumental methods 

(3) Indicators 

c. Expression of results 
(1) Hydroxide 

|2) Carbonate 
(3) Bicarbonate 
M) Total 
(3. Hardness 

a. (*eneral 

(1) Definition 

12) Occurrence 

13) Significance 

b. Sources 

(1) Calcium 

(2) Magnesium 
^3) Strontium 
<4) Iron 

(5) Manganese 

c. Methods of determination 
U) Soap 

|2) E,Dn\A. 

d. Types 

(1) Carbonate 

(2) Noncarbonate 

7. Other significant chemicals 

a. Chlorides 

H) Occurrence 
l2) Significance 

(3) Methods of determination 

b. Nitrogen 

c. Phosphates 
<1. Fluorides 

e. Iron 

f. \^>latile acids 

g. Grease 

h. Toxic metals 
B. Laboratory projects 

1. Determine dissolved oxygen of a 
wastewater sample by a chemical and 
an instrumental method and compare 
results 

2» Determine the chemical oxygen dc- 
man(| of a wastewater sample 
Determine the B»0,D. of a wastewater 
sample 



L TvsS \\[v |)H, nlkalinily and hardness oS' 
;i uaiiT sarll|^ll» imi n)rnpnrc with a 
siun)»li' of wjislowiUi^r 

\ I. I»j<i|u«ii'al AspiHls ol" W;islo\vaU^r 

A. Units of Instruction 

1. Cellulnr biology 

a, Sizes, shapes and types 

b, Cell parts 
(U Animal 
{2) Plant 

e. UeproduetUMi 
(U Mitosis 

(2) Meiosis 

d. Celt metabolism 
U) Anabolism 

12) Calabolism 

(3) Acrobu' 
iJ) Anaerobic 

2. f^ucU'ria 

11. Characteristics 

b. Major types 

c. Kffeci on decomposition of organic 
matter 

:j. Fungi 

a. Characteristics 

(1) Reproduction 
\2) Branching 
(3) Aerobic 

b. Major types 
(U Slime 

(2) Molds 

13) Yeasts 

c. Identification 

d. Kffect on wastewater treatment 
1. Algae 

a. Characlerislics 

b. Major types 

(1) Green 

(2) Hliiegreon 

(3) Yellow-green 

(4) Euglenas 

(5> Dinoflagellates 

c. Identification 

d. Kffect on water systems 

(1) Taste 
{2) Odor 

(3) Filter operation 
5. f*roto7oa 

a. Characteristics 

b. Major types 

(!) Mastigophora 

(2) Ciliata 

131 Sarcodina 

(4) Sporozoa 

c. Identification 

Q d. Effect on public health 
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(1) Decomposition of organic 
wastes 

(2) Relationship to disease 
t). Higher life forms 

a. Major types 

(1) Hotifers 

(2) Crustacea 

(3) Worms 

(4) Larvae 

b. Identification 

c. ?]ffect on public health 
B. Laboratory projects 

1. Examine samples of water under a mi- 
croscope and identify major types of 
micro-organisms. 

2. Prepare a gram stain of a known cul- 
ture. 

3. Prepare a bacterial culture on nutrient 
media and determine the plate count. 

4. Prepare a multiple-tube fermentation 
series and determine MPN. 

5. Perform a membrane*- filter test. 

VII. Methods of Treatment 

A. Units of Instruction 

1. Pre-lreatment 

a. Grit removal 

b. Grease removal 

c. Screening 

d. Odor control 

e. Aeration 

f. Grinding 

g. Measuring 

2. Primary treatment 

a. Sedimentation 

b. Sludge disposal 

(1) Anaerobic digestion 

(2) Aerobic digestion 

(3) Dewatering 

3. Secondary treatment 

a. Purposes 

b. Filtration process 

(1) Intermittent sand filter 

(2) Standard rate filter 
m High rate filter 

c. Activated sludge process 

(1) Conventional 

(2) Contact stabilization 

(3) Extended aeration 

d. Secondary sedimentation 
il) Clarification 

(2) Thickening 

4. Tertiary treattnent 
a. Purposes 

(1) Additional organic removal 

(2) Removal of nutrients 



nisinfuc'lion 
I). KxpiTinicnlal nu'lhoils 

(1) Vory fine screens 
\2\ Hiipid sund filter 
ill) Curhofi ;i(ls(>rption 

. Other trealmenl methods 
i\. Sep lie tank 

[\) Oldest ireuimeiU device 
t2l Aniierobic 

b. Imhoff lank 

0) Primary sedimentation device 
l2) Ifsage l:irgcly discontinued 

c. I/U^oons 

i I ) Aerobic 

(2) Anaerobic 
laboratory projects (none) 



VUI. The Treatment IMant 

A. Units of instruction 
l« Physical facilities 
a, At^t^^^Ji^'iince 
l>. Flow [KUterns 
c. L«)cation of units 
<l. Size (d' units 

2. flydraulic layout oJ' plant 
a. I'ipe sizes 

fl) Flow 
\2) Head loss 
h. Kecirculatitjn 

c. Vim\) study 
O) Flow 
|2) Head 

|3) Horsepower 

3. Laboratory 

a. Equipment 

b, Routine testing requirements 
e. Records and reports 

4. Maintenance 

}*or poses 
b. Lubrication 
e. Protective coatings 

d. Safety inspections 
Laboratory projects 

L Prepare a flow diagram for a municipal 
wastewater plant showing flow rates 
and treatment processes. 

2. Calculate the hydraulic head Ijss in the 
plant. 

3. Determine percent of design capacity 
at which the plant normally operates, 

«L Visit the plant laboratory and list the 
frequency and kinds of tests made. 

IX. F^ffeet of Wastes on Receiving Waters 
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A, Units of Instruction 
L Zones of pollution 



a. Degradation 
1), Decomposition 
i\ U(»covcry 
2. Methods of recovery 
a, Wind action 
U, lliological organisms 

c. Shallow vs. deep water 

d. Indices of self-purification 
Biological indicators 

a. Wc^rms 

b. Fungi 

c. Prolo/oa 

d. Fish kills 

L HoUom deposits 

a. Oxygen demand 

h. 0\ygen penetration 

V. Rising |)roblems 
T). Industrial Wastes 

a. Oxygen consuming wastes 

1). Colored wastes 

c. 'i'oxic wastes 

d. Ol>structing wastes 

e. Aei<l and alkaline wastes 

f. Thermal pollution considerations 
n. Laix^ratory Projects 

1. Perform a bioassay test for a selected 
toxic chemical and determine MLD. 

2. Perform dissolved oxygen tests at 
wastewater outfall, upstream and sov- 

.eral (Joirils dosvnstream and compare 
results. 

\). Uompare solids and dissolved oxygen 
c<mtenl lor the discharge of a waste- 
water lagoon with the effluent from a 
municipal waste treatment plant. 

Texts and Uefercnces 

AMKHtCAN VVUUC lU-wM.TiJ i\SS0rtAtI0N. Stan- 
ihit\t Methods for the Kxammalion of Water and 

t'A'KKNKKM)KH AND O'CONNOH. Biotogicct Waste 
Trcafmejit. 

FAIH WU OKYKt{. Elements of Water Supply and 

Waslrfr.ihr Ihsposal 
ll\HUK\UKni;:\ ANr> HorHK. Water Supply and Waste 

DispoaaL |\ 
lUWKKS. The ,Ccohgy of Wasteu^tcr Treatment. 
LMHOKK ANt) VAIH. Sexxsige Tnatment 
KlTTKKI.I. A Practical Guide to Water Qiuility Studies of 

Streams, 

W.U'tWi AND RKIO, Microbiology. 

ItfCil, Unit Processes of Sanitary ^Engineering. 

ROSS. Induslrinl Waste IHsposal 

Visuat Aids 

Public Jfcaith Service, Audiovisual Facility, Atlanta, 
Ga. 3033.S. 

Afunictpal Seu^ge Treatment Processes, M^, 16 mm., 13 
min,. b/w, sound. 

The Sfembrane Filter, F-386. mm.. 80 frames, color, 
sound, 02 In, recording, 12 min.) 
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I'hi Wnirr Fumiwt-, MIS H;M, 16 mm , 26 m\n.. b/w, 
sou ml, 

TrichUng FilUr Ptants. 5 5^9, \15 mm.. 91 framos, b'w. 

sound i3J I ''i rpni rocordinj(, 9 min ) 

TrnudUii U'(jf< r.v. MIS W)7, [f> mm.. 2H min . color, sound. 



^ PIMN'CIJ'LKS W SOLID WASTK 
MANAUKMKNT 



((ours (^»r Ui»ek 



Coursi' Description 

Thr Ki'o^^'in^^ [)r(4>lrms conneetod with the 
m'lUTatUKi and disposalor solid vvaslos arc 
c'onsi<|(T('d in di^lail. The magnitude of Iho 
(indilffii, so((m's, (yjK'.s and quantil/r.s oi 
refuse are studied. V^irious kinds of collec- 
(ion and disposal systems and the strengths 
and weakne.sses ()reach lire examined in the 
lij^hl (if (*|iiinuim disposal praoliee. Labora- 
tory exercises cover a broad range of ex* 
fu'rienees from detailed laboratory analyses 
to broad field investigations of various as- 
fu'cts of the solid waste problem- 
Major Divisions 



f, fnt roduction 3 6 
IL (Massifiration of Solirl 

Wastes :] 9 

IIL Solid Waste (ollenion I fi 
IV. Heduclion an(l ]>isposal 

Methods 15 9 

\'. Salva^'e* Operations :i 9 
VI. Mann^enienl of l,)isj>osal 

Systems ' I] 9 

Tola) 132 48 



1. Introdnclicm 

A. I 'nits of Instruction 

L Definition of solid waste 

a, Useless materials 

b. Unwanted materials 
0, Unused materials 



^ 2. Ma>{nitude of the problem 
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a. Population' 
(1) nisl<»ry 

i2) Projections 
Density 

b, Kactors uffectin>< (luimlilies 
(l) (Nimitte 

r2l Season 

III) Standard of living 
1 1) (Jeof^raphie location 
(T)} Kxient of indastnalizatiori 
dii Krecjuency of collection 
e, Costs 

W) Collection 
\2} Dispo.sa! 
*\, Ne<'(*.ssity for ilisposal 

a. Public health aspects 
\ I) Itat harl)ora^j;e 
IL') Flies 

iW) Mosfjuiloes 

I J> Olher disea.se carryinj^j vectors 
1' Ksthi'lies 

V. Kfivvi on property values 
d, Nuisance effect 
I. Le^^isl.'ition perlainin>( to solid waste 
ii. l-'ed^'ral 

b. Slate 

c. Local 

il) Uesponsibility for administra- 
tion 

\2) Collection practices 

\^) Financial 

il) l^malties 
I?. Lnboralory i'rojeds 

Si'li^ct projects concerned with the 
K^eneration or disposal of different 
types (?f solid Wastes. These topics can 
be assigned on a small group or indiv- 
idual [jasis. The topic is examined and 
studied in detail and a written and/or 
oral re)iorl is )iresentcd to the entire 
class. Kxaniples of projects or topics 
Mre as follows: 

a, Highway litter— for a representa- 
tive section of public highway col- 
lect all solid refuse, separate into 
standard categories and determine 
the percent composition* By cxtra- 
polalion. estimate the total amount 
of highway litter for a given high- 
way or highway systeni. 

b, Sttidy the feasibility and extent of 
recycling aluminum and glass con- 
tainers, Investigate the economics 
{nvo!ve<l with each method. 

c. Obtain data on the generation and 
disposal of solid wastes from natural 
disasters 

d. Investigate the generation and dis- 



\\K\s\\\ nl solid wastes from spectator 
s|>i)riin^^ events, 
I'. Invi'stiKiilc I hi* ^H»niTalion and riis- 
posal of solid waslt's from tho iiirtinc* 
industry 

\\. diissilu-alinn of Solid W astos 
A. I'nils uf Inslriulion 

1. Origin 

a. Donuslie 
t). Inslitutinnal 
i\ Coininrrrial 
(I. Industrial 
i\ Siri'i»l 
f. DiMntditiori 
K< (*onslriU'lion 

2. ( V)inpositi<in 

a. Organir conU'fU 
I). IruTl nmlt'nl 
v, Cnnibuslihilily 
<\. Pul^4^s^'i^)i!ity 
i\ Moisltin^ t'4)nliMU 
\l Kinds 

a. (iarba^'^' 

{]) \Vasli»,s from food (wparation 

j2l Swill and slops 

\\\) Offal and marki^t wasu-s 
I). Kubhish 

(I) (V>rnl)uslibk> 

\2) Non ("ombuslihlo 
i\ Ashes 
(1, Street refuse 
i\ I)(\'m] animals 
f. Abandoned vehicles 
^, Industrial svasles 

h. Itnildinj^ industry 
tl) (*onsl ruction 
y2) Denudition 

i. Special wastes 

U) Sewage Ireatiuenl solids 
l2) Hadioaclive wastes 
l.'J) Kxplosive or haxiardous wastes 
It) Pathological wastes 
It. Latioratory projects 

1. Obtain samples of residential, com 
mercial* market and combined refuse. 
Separate into standard categories and 
determine the percent composition^ 

2. Determine the moisture content, pH 
value, volatile solids and ash, and heat* 
ing value. 

3. ('ompare the results obtained and de* 
termine feasibility of salvage opera- 
tions and optimum method for dispos- 
al. 

I. Kxtrapolate generation rates to the 
Q total community and the nation and 
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compare with the results o!" published 
studies. 



III. Solid Waste Collection 

A. I 'nits of instruction 

1. Pre collection practices 

a. Separation into categories 
1 1^ Kasi> of hatiilling 
\2) Sanitation 
Salvaging 

Kffect on disposal method 
'i ToiUainers 

I) Maximum sixe 
i2) Minimum si/e 

\\\) Materials of construction . 
il) Handles and lids 

c. Storage f>oint of refuse 
(1) Alley 

\2) Yard 

('il liasement 

111 Other 

d. Point of collection 

2, Uel'use collection systems 
a. Municipal 

I I ) Advantages 
i2) I)isa<lvantages 

li. ( ontracl 

( I ) Advantages 

l2) Disadvantages 
c. Private 

1 1 ) Atlvantages 

f2l Disadvantages 
Collection methods 

a. Pickuf) at curb or alley 

b. Si*i nut and set back 

c. Mackyard service 

d. Commercial service 

I. Kaclors affecting collection costs 

a. Fre<|uency of service 

\ 1 1 Increased labor with increasing 

fre(|uency 
r2) Public health aspects 

b. Degree of service 

c. Location of container 

d. Haul distance 

e. Local conditions 

ID Allowable truck speed 

\2) Topcjgraphy 

U5) Street conditions 

\\\ Climate 

ul) Population density 

f. Labor costs 

g. Standard of living 
5. Collection ecjUipment 

a. Refuse conveyance types 
(D Open top trucks 



i2\ Knv\osvi\ MoncomfMclor I rucks 
\''\) KiU'ldstMl t^oinpuclor trucks 
iJ) Mortahli' t>ulk containers 
I*)) Vi\n ciirriiT trucks 
It)) Trains 
\k ViU'\ovs all'iM'lin.v: cciiiij^nu^nt st^loc- 

(1) NiinibtT and ca|>acily of vo* 
hides rciiuircd 

i2l <'a])ital investment cost 
i;)) Operalin^f cost 
i l) Maintenance rosl 
(5) Useftil life 

(0) Salety and comfort of crews 
(7) Climale 

\h) , Nature nf eomtnunily 

110 \!<;th4Ml of (lisfiosaf 
H. lialu»ratory i'rojerts 

1. Visit i\ municipal Public Works t)e- 
parlrnrnl or similar ilc^parlmenl with 
respiinsihililies lor solid w^aste collec- 
(i(»n aiirl disfiosal. 

2. Make notes of the numher of collection 
vehicles used* types and capacities. 

:J. Delermirie crew si/e» fre<|ueney of 
pickiijj and (le^ree of service provided. 

1. On a <'ily map, sketch out representa- 
livr routes, population and service 
densities and Iravi'l times. 

o» I>{'lermine nu'thotl of coordinating re- 
fuse colli'clion with disposal. 

|\'. Ur/lucliun and Disfujsal Methods 

A. l!nits of instruction 
L On site disposal 
a. Incineration 

111 Advantages and disadvantages 
\2) Home units 

i:!) Commercial incinerators 

\ \) Hospital I pathological) incin- 
erators 

if)) Apartment incinii-Uors 

if)> Miscellaneous types 
I). (larbaKi* grinding 

il) Advantages and disadvantages 

\2} Fi'ffects on water supply system 
Fiffects on sewer.s 

f<M Kffecls on sewage treatment 
plant 

(f)) Costs 

2. Ontral incineration 
a. History 

f>. Kvaluatton 
tl) Advantages 

(2) Disadvantages 

Q V. Terminology and components 
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U) HeTuse weighing and storage 
i2) l{efuse conveyors 
I?]) Charging devices 
1 1) Kurnace typi's 

11) ) l{esidue handling facilities 

Pollution control devices 
i7l Klue and chimney 
i8) Acressory equipment 
<l. Costs 

(1) Kquipmont 

12) Construftion 
iJi) Operating 

1 I) Maintenance 
if)) Salvage potential 
i\ Con^hustion technology 

11) Heating value of refuse 

12) Time, temperature, turbulence 
considerations 

Air re(|uirements 
^1) Sizing and design considera- 
tions 

iii) }Ieat balance and auxiliary fuels 
1(3) Heat recovery 
(7) Control devices 
3. Sanitjiry landfill operations 

a- Dislinction helwcen sanitary land- 
fills and open dumping 

11) ASCK definition 
|2) PUS rcijuirements 

13) AI'WA standards 
h. Public health factors 

\l) Vector control 

{2\ Air pollution 

|3) Groundwater pollution 

14) Fire hazards 

15) Nuisance aspects 

i\ F'actors affecting location 
\\\ Availability of suitable land 
\2\ Topography and accessibility 
lU) Geology 

{4} Drainage and groundwater lev* 
el 

ul) Availability of cover material 

16) Public acceptance 

d. I.andfill methods 
U) Area 

1 2) Trench 

(3) ftamp 

il) Special methods 

e. Facilities 

U) Access roads 

(2) Fences 

13) Weighing facilities 

(4) Fire control 
^5) Personnel 

r. Kquipment types 
(1) Crawler tractor 
\2) Uubber tired tractor 



(1) Scrapor 

(5) SU'el whrrU*<i fonipactor 
{{)) Ai'tTssory r(|ui{>nu'nl 
(ri'ruM'al consiiii'ralions 
{]) Vvv^munA 
\2) Costs of opfralion 

Si»asonal ojMTalion 
f t) Wet wealhor oporalh)n.s 
(5) Sotlli'nu'nl and dct'oniposilion 

fariors 

(t)) lU'clamation value of site 
1. {'omposliii^ 

a. (i I' nigral a spoils 

(!) Historical <]i'velo|inu»nl 

(2) Ui'finilion of comfiosting pro- 
cess 

Advanta^os of compostinK 
{'\\ DisudvaiUagos of composiitiK 
(5) Prcvalivnce of composting 

b. FA'ooomic ronsideralions 

(1) opcraliriK and capital 

costs 

\2) Salvage niatorial from rofuse 
K)) Value of finishni conifjost 
iA) Comparison with other itwth^ 
ods 

I', (^)nipostin^^ methods 
ll) Area I 
\2) Mechanical 

d. Terhnical funciamontals 
\\) Tem flora tore 

\2) Digestion iitne 
\:\) Aeration 
l l) lUologiral processes 
15) Moisture content 

e. Composting operations 
\ I) WiMghing facilities 

\2) Unloading nn<l storage 
\\)) Sorting and salvage opiTations 
\\) (irinfling 
iT)) Moisture <'on(rol 
{i)) Digestion process 
\1) Storage and marketing 
"). Miscellaneous methods 

a. Hefuse ^rin<ling 
1 U Munieipat 
(2) (Commercial 

Junk auto <iisjK)sal 

14) Uepulping of pi. per 

15) Costs 

U>) Public health arui nuisance as 
|>e< Is 

|7) Kvaluation as a disposal meth 
od 

b. '|Iog feeding 

(U Prevalence of hog feeding 
^ \2) Public health problems 
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{:\] Cooking garbage 

\ \) Kt|uipmenl requirements 

Ui) Mflect on refuse collection sys- 
tems 
e. Open dumping 
i\. Open Inirning 
(1. Fiiclors affecting disposal method 
a. Technical feasibility 
h, Heonomic feasibility 

c. Public health considerations 

d. Climatic i^onditions 

e. Kffect of collection costs 

f. Salvage value 

g. Completeness of the disposal meth- 
od 

h. Public .iceeptance 
P. Laboratory projects 

L Visit ii municipal incinerator (or com- 
mercial incinerator, or hospital path- 
ological incinerator) and make a sketch 
of the process, labeling major parts 
and components. 

2. Determine the capacity of the installa- 
tion, grate area and use of auxiliary 
fuels. 

:i. Locate and count the undcrfire and 
overfirc air ports, auxiliary blowers, 
dampers, etc. 

1. Determine the types of air pollution 
control ecpupment used, and if pos- 
sible, the efficiencies. 

5. Determine the amount of residue pro- 
duced and disposal practices. 

V. Salvage Ofjerations 

A. t'nits of instruction 

K A<i vantages of salvaging 

a. [{eduction in cost of disposal opera- 
tioa\ 

b. Conservation of resources 

c. Ueduction in volume of refuse 

2. Disadvantages of salvaging 

a. Possible nuisance creation 

b. Fluctuating market conditions 
V. Increased handling of refuse 

d. Kconomic considerations 
:i. Salvageable materials 

a. Kags 

b. Paper 

ID Newspaper 

(2) Cardboard 

(3) liooks and magazines 

c. Glass 

d. Metal 

(D Ferrous 



83 



ERIC 



(2) Nonferrous 
1*3) Junk iiulos 
e. Kubbor 

(. Garbage and animal waste 
/ Ashes and cinders 

4. Kffect of salvage ojwralions on dispos- 
al method 

Incineration 

(1) Hemoval of garbage 

(2) Kemoval of paper and rags 

(3) Removal of metais and glass 

(4) Kemovai of rubber 

(5) Waste heat utilization 
t). Composting 

(1) Salvage at compost plant 
(21 Compostable materials 

Non-compostable materials 
c. Sanitary landfill operations 
\\) Salvage at landfill 

(2) Volume of landfill material 

(3) Decomposition rates 

(4) Stability of landfill 

5. General considerations 

a. Aesthetics 

b. Safety 

c. Public health 

d« Control of scavenging 
e. Economics vs» conservation of re- 
sources 
B. l^aboratory projects 

t. Visit a junk auto reclamation operation 
and compare several methods of sal- 
vaging junk autos (Compaction vs, me- 
chanical shredding) ' from Ihe stand- 
point of economics, efficiency, air pol- 
lution* etc. 

2, Visit a rubber {or paper) reclaiming or 
salvaging operation and note proced- 
ures and methods, efficiencies, nui- 
sance conditions, etc. 



VI. Management of Disposal Systems 

A. Ifnits of instruction 

1. Organization 

a. Methods of structuring 

b. Staffing 

c. Lines of authority 

d. Authority— responsibility relation- 
ships 

e. Coordination of collection and dis- 
posal 

2. Administration 
a. Personnel 

or Job requirements 

(2) Salary levels 

(3) Promotion procedures 



(4) Training programs 
15) Safety programs 

b. Fiscal responsibilities 

c. Hcporting procedures 

d. Auxiliary services 
3» Public relations 

II, Importance to waste ^lisposal pro- 
gram 

b. Methods of securing good public re- 
lations 

c. Complaint processing 
H, Laboratory projects 

1. Visit a sanitary tandfitl operation and 
note how it is conducted. 

2. Determine the type operation, equip- 
ment used, compaction procedures, 
source of cover material, depth of cov- 
er and frequency of cover. 

3. t)etermine haul distance and make a 
sketch of a typical cell, with approxi- 
mate dimensions. 

4. Visit a compost plant and prepare a 
flow diagram of the process. Note 
weighing, unloading and storage facili- 
ties. Observe refuse handling* salvag- 
ing and moisture control procedures. 
Make notes on grinding or shredding 
equipment, digester size and average 
digestion time. Determine the method 
of aeration, digestion temperatures, 
and disposal of the finished compost. 

Texts and References 

MEHWAS iVBUC WOHKS ASS0ClA7l0>i. Municipal 
Be fuse Disposal ► Refuse CoUeciton Practice, 

(\M-KKPUJw\R TRACTOR a)MPAN Y . Afocfttn^ Selec- 
tion Guide: Sanitary Landfill Rec<mmended Standards 
ft^r Sanitary Lar\d/ili Opera Hons, 

S(>RG AND )UCKMAN. Sanitary IjindfiU Facts. 

American City. 

American Public Works Association Reporter. 
American Public Works Association Yearbach 
American Sociei^f of Civil Engineers Sanitary Engineering 

Division Journal 
Compost Science, 
Public Works. 
Solid Wastes Management. 

Visual Aids 

(Kilms arc color, unless black and white ts noted. > 
U, S. Public HeaUh Service, Audiovisual Facility, Atlanta. 

Ga. 30333 

A Day at the Dump, M4600'X-, 16 mm,. 15 min., sound. 
A Survey of Refuse Disposal Methods, M 328, 16 mm,, 10 
min., sound. 

incineration, M 363, 16 mm,, 13 min,, sound. 

Refuse Disposal by Sanitary LandfiUs, M-228, 16 mm., 13 

min,, sound. 

Sanitary Storage and Collection of Refuse, M-4, 16 mni, 
19 min., sound. 

Sanitation TecKniq\kes in Rat Control M aTT, 16 mm., 12 
min,, b/w^ sound. 
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TKCKNICAI, REPORTING 



11, WriVing Technical Reports 



Hours Per Week 

Class, 2 



Description 

This course, an extension of Communication 
Skills, is intended to help the student 
achieve Krealer facility in the basic skills he 
previously acquired* It Introduces the stu* 
dent to the practical aspects of preparing 
reports iind communicating within groups, 
The use of graphs, charts, sketches, dia- 
grams, and drawings to present ideas and 
significant points is an important part of 
this course. Kmpbasis should be upon tech- 
nic|Ues for collecting and presenting scien- 
tific data in informal and formal reports and 
special types of technical papers* f'orms and 
procedures for technical reports should be 
studied, and a pattern established for all 
forms to be submitted in this and other 
courses. 

Much of the subject matter will probably be 
reports written for technical courses. The 
subject matter in this course should be co- 
ordinated with course work and laboratory 
techniques presented in the air pollution 
technology specialty. 

Major Divisions 

Clasii 
hours 



L Introduction to Reporting 3 

II. Writing Technical Reports 12 

III. Use of Visual Aids in Reports 4 

IV. The Research Report 3 

V. Special Problems in Oral 

Reporting ..... 4 

VI. Conferences and Briefings 6 

Total 32 



I, Introduction to Reporting 

A. Nnture and types of reports 

B. Importance of reports 

K Importance of accuracy and objectivity 

in observation and recording 
2. liCgal importance of recorded data and 
log books 
C» Purpose of reports 

1, Readers' needs and types of readers 
^ 2. Background situations of reports 



A. Characteristics of Technical Reports 
K Conciseness 
2. Objectivity 
II Clarity 
t. Completeness 
5. Readibility 
(). Accuracy 
H. Informal reports 

1, Written short-form reports 

a. Memorandum reports 

b. Business letter reports 

c. progress reports 
d* Outline reports 

2. Oral reports 

a. To individuals 
b» To groups 
(). ^'ormal reports 
\. Arrangement 

a. Cover and title page 

b. Table of contents 

c. Summary and recommendations 

d. Body of the report 

e. Bibliography and appendix 

f. Graphs, drawings, illustrations 
2, Preparation 

a. Collecting, selecting, arranging ma- 
terial 

b. Writing and revising the report 
(1( Proper usage of: 

(a) Vocabulary 

(b) Capitalization 

(c) Abbreviation 

(d) Punctuation 

(e) Symbols and numerals 

(f) Grammar 

(2) Correcting factual errors 
13y Editing and checking the lina\ 
draft 

1). Typical problems in writing 

1. Definitions 

2. Statements of problems, principles and 
conditions 

3. Descriptions and narratives 

4. Proposals 

5. Inspection reports 

6. Process explanations 

7. Comparisons 

K. Precautions to be observed 
h Confidential information 

2, Classified information 

3, Copyrights and trademarks 

4, Liability 

III. Use of Visual Aids in Reports 

A. Importance of visual aids in written and 



oral reports 
i\. Tvpi's (ij \isuiU aids 
l.Tuhlrs 

'l yUiW iliat^raniN 
I. (IraptiN and rharls 

('. Srlcrlioii of a|)|iro|M'ialo visual aitls 
K Availahilily 

2- Time and cost of |>ri*()aration 
'*l Clarity it( (Mvsentation 
I). ProjocUon or other usi» of visual aids for 
rtral reports 

1. Ueailal)ilily 

2. Cbrity 
:\. ("orUrasl 
1. TiniinK 



K ArranK^n^' and preparing briefings and 

presenlalions 
2, Tondueting l>riefings and presen 

tatioiis 

lexis and References 

({l((^\SS. ('tttuniHiiiratiutj I'm f-i utid i<U'us v// /iusifuss. 

(aiAVKS AMI ItOKKMAN, Uiport W'nthn) 

llAVS. Prifuif'lf.'^ f>J Tichitittil Wntinff. 

lOlnhKS. Tt t huUvt lU i^cft Writhuf. 

WKISS AN!> Mi(illA ni, I\ chn(n:l Spaif{in(f. 

/>:iia;U \M> (HJUM if, Surcvftsful Omimuviratfuff fu 

N'isuttI Aids 

t \ »s. Knvironnu'nl.d Protcciion Agoney, Tc<'hnloal Audio 
VisiKjl Hranch. Ut sciirch Triangle P;irk, N.C. 277!t. 
Hull fit t hi' Witui H^, MA IIH. 10 mnv. J5 min,, color, sound. 



IV. The Keseareh Report 

A. I*urpf>ses 

H> Souree inati^rials 

1. Hibliographies 

2. Periodical indexes 
The library 

('/Organization 

1. A working bii)liography 

2. Footnotes and refereiues 
:^ Outline 

\. Rough draft 
r>. Mnal papiM* 
I). Oral and written presentation 

V, Spreial Problems in Oral Reporting 

A- Organization of material for effective 
inesenlation 

H. Preparation of formal and informal oral 
reports 

Use of notes 
1). Vise of slides or other visual aids 
K. Proper control of the voice 
V. Proper control cd' the bmiy: gesticulation 

F^iimination of objectionable mannerisms 

isms 

II. Maintenance of auftienee interest 

I. Testifying in court 

VL Conferc^nces and Rriefings 

A. (iroiip communication 

1. lieading conferences: rules of order 

2. Participating in cunfercncOs 
Solving problems in conferences and 
meetings 

Q R, Briefings 
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(iKNKRAL COl'RSKS 
COMMUNICATION SKILLS 



Hours Per Week 



Desci iption 

The course emphasizes exercises in writing, 
speaking, and listening. Analysis is made of 
i\(ch student's strengths and weaknesses. 
Th(^ instruction is planned principally to 
hi'lp students improve skills in which Ihey 
are weak. The time allotments for the vari- 
ous elements within major divisions will de- 
pend upon the background of the class. 
Technical reporting should be considered 
early in the C4)urse because of its impor- 
tance in tlu' orientation of the technician to 
his 4ieveio)mient and use of communication 
skills. 

Major Divisions ^'^^''^ 



I. Comnuinicati(ni anrt the Technical 

Specialist 2 

IL Sentence Structure (5 

IlL Use of Resource Materials 4 

IV. Written Kxpression 20 

\\ Talking and Listening 10 

\'L Improving Reading Kffieiency .... 6 

Total 48 



1. ('oinnuinication and the Technical Specialist 

86. •.. . ' 



A, Sunuiiiiry of Iht^ li»chnii'al s])(Tialisls 
nt'i'il for |U'olH'i<MU'.v in commiinituition 

n. discussion of wrilU'ii comniunicalion as 
un t»sst*ntiiil skill 

;t. 'rcrhniral rrporling 
a. PovMial 
Inlohnal 

1. I'st' of i^i'aphics (o illuslraU' wrilti'n 
ronnmi nicaiinns 
<'. hisrussiiiii ol oral rfjiiinmnirat ions as an 
o>s('ntial skill 

1. l*t'i soirt<i fM'rsoa rxprrssinn of kUms 
aiui thou)>h[s 

2. \'rrb:il reporting 

I). l)i:i^noNtir U^slin^ ol sUnU'iils 



II. SriHorur Sinii'liiri' 

H. Study of t'oniplt^Us ^ . .ir. and lOrriH't sen- 
ivnvvs 

{\ \'sv aiul plai'^'inrnl ol' modilicrs. phrases, 

anil I'laust's 
[K Study of scnlonco conciseness 
K. Kxorcist^s in sentence struclure 



ML Usiiii* |{tvs(nin*e Materials 

A, Orientation in use ol school library 
L Location of reference materials 
2. Mechanics for effective use 
:l Dewey Decimal System (or liibrary of 

(\>nj{ress system^ as appropriate) 
1?, Study of use of dictionaries 
I. Types of diclionaries 

Use of dictionaries 
;i. ^l(»an^n^^s of (liacritical markings and 

accent marks 
Introduction toother reference sources 

1. Technical manuals and pamphlets 

2, liiblio^^raphies 
Periodicals 

I. Applk'fl Sctt'iira (tmt Ti'vhw>ioiiij: 

Rcathns' Cmkli': and other indexes 
5. Technical handbooks 
(k Standards and specifications 
D. Kxercises in use of resource materials 

1. ('ard catalog 

2. Readers' Guide and other indexes 
Atlases 

4. Kncyclopedias; diclionaries 

5. Other resources 

Q' \ Written Kxpression (emphasis on student 



exercise) 

A, Diagnostic testing of students 
H, Study of paragraph construction 

! * t)evelopmeiU 

2. Totiie sentence 
Unily; coherence 
C. Study types of expression 

1, Narration, description, and exposition 

2, Inductive and deductive reasoning; 
syllogisms 

Figures of speech; analogies; compari* 

sons and contrasts 
•1. ('ause and effect reasoning 
5. Other 

\h Written exercises in paragraph con* 

siruc(i(Hi 
K, Study of descriptive reporting 

1. Organization an(i planning 

2. Kn^phasis on se(|uence» continuity, and 
delimitation to fiertinent data or(^rnfor 
niation 

I''. Study of letter writing 

1 . (Ussiness letters 

2. Personal letters 
(1. Heview of mechanics 

1. (irammar (reviewed as required) 

2. Punctuation- when to use 

a. IVriod, question mark, and cxcla^ 
matlon point 

b. (?(minui 

c. Semicolon 

d. (?oion 

e. Dash 

f. Parentheses 

g. Apostroi)he 
!i. (lapitaliy^ition 
1. Spelling 

a. Word division— syllabification 

b. Prefixes and suffixes 

c. Word analysis and meaning—con- 
text clues and phonetics 

II. Kxercises in mechanics of written ex- 
pression 

V. 'J alking and Listening (emphasis on student 
exercises) 

A. Diagnostic testing of students 
II. Organization of topics or subjects 

Directness in speaking 
1). Gesticulation and use of objects to illus- 
trate 

K. (Conversation courtesies 
F. Listening faults 
0. Taking notes 

II. Understanding words through context 
clues 



1. KM^iTiscvs in lalkin^; and lisloniti^' 



VI. iin|irnvinK Uisulin^ Kflu-irnoy 
A. l)iaf»n<Ks(ic lostitiK of stiuliMits 
li. Im|n'(»vrnirnl of riMilinii huhils 
!. ('fUTorl roiulinK |H)stnri» 
'2. l.iKlU smnH't's and inU^nsily 
;l. l)c'Vi'lo|>in^ |)r<)[K*r ryostMn and 

Tiiovcnu'Dl 
L l)in\Ooi)inK spivod and oom(>rchcnsion 

a|)|>ropriato to the purpose 
5. Scanning; senlonco readinK 
t>. Taking noi OS for i-ari-rul sUid.v 
(\ Fo(»tnates» index, bibliography, and 

crossri'ferencos 
I). I)rv<*I<)pin^^ skill in siinimari/in^^ 

1. Oulliiie 

2. Di^H'sl or brief 
'.i. Criticism 

Ksereisrs in rea<tinK imf)r(>vomenl 
1> Jieatlinvr lor roniprehension 
2. Heading for speed 

1'exts and llefcrcnci^s 

{UIRP A\l» KN'OW KK. Kss^ v^itlL^' of mrtil SfKi i'h. 
Hi:.\UbSl.KV. Th*iukivif Strti\ftht: Pn'ftrifiUn HitKtihhaj 

for Rrndirs au^i WiiU rs, 
lU CKC.KK AM> McAV<»V . Airu ricnft (nih tjr IhuttUxtkot 

Cowan. Piwtt Kugiish PUasv. 

I>KAN ANM Mm SON. hy/t rlh t ComnumirtiUuu. 

UKVniS AND WAUNi-nt. W'i^tffs m (otitfjit: A 

tiHKUis AM) WKIiS'fKU. (inuiv ami Natufhttok tor 

I[Oh(;KS AND WIHTTKN. fhirhratr VuiUfjr Unmihoitk, 
KlltS( HHAl'M. Cknr W'nlin^i 

\y.VA\V:i\\ MV.WK ANI* CIIAKVAT. fliUnihtink tnr 
W'nd'rs. 

TKHHIN ANI^ SMUH. Uoiitfhuifk of Cttrri ut /-.V 
lioiiKT. Now Hcj^^rTs Thi'saurusof th<' Ka^li^h [Kin^uafcje. 
S'iKVVAHT AND OlHKRS. HitsDirsa Kngtish ami Com 
tnunivnfifnK 

11 U ) M \ S . Co m isit Of n fo r Tnhu kvi I St «< (f fit a. 
\VA'IK[NS, MAKTIN. AND DlM.tNf^JlAM. Pnutiral 

ZKTl.KK ANti (*H()l i n. Shrrtssffd Cftmwnwvfitifm hi 

Si ir it r c H n f / In (f u s tri/: U *n / ift g, H* ifi <j ^ttnl .S/x a kiftf). 
A nirrcnt dictionary. 

Visual Aids 

Toroncl Films. Inc., Coronet I^uiHing, Chicago. Ill fiOOOl. 
Improve YtiMr PunclUQiiov, If) mm.. II min., sound, h/w 
or color. 

National Kdacalion Television Film Service, Audio V^isunf 
Center . Indiana University. Bloonvn^on, Ind. 47105. 
{The following fifms are hfack and white) 
The Definition of Lanymge, 16 mm-» 29 min., sound. 
Produced by Hercry Lee Smith, (f.anguaj^e in liinguistics 
Series) 

t}iakc(s, 10 mm 29 min.. sound. IVfKiuccd hy fknry Ix*t^ 
Q Smith. Uianguago in l.inguislics Series) 
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ihiir to Sua What You Menu, lU mm., 29 rriln., sou ml. 
IVodiicedii.v S. I. Itayaknv^ a. <Iianguago in Action 8eries] 
f,(iH(tH(i(]e iitid Writivg, Itj mm.» 29 min., sound. 
Pr4iducod l>y Henry l-eo Smith. fI*an^^uago In Iilnguislfcs 
Series! 

Tht Task of thi' f-istitfer, Hi mm., 29 min., sound. 
ProfiucH hy S. I. Hayakawa. OvanguaKe in Action .Series) 
What is fhr Mi an in iff, OS mm., »ifn., sound. JVoduccd 
by S, I I lay a k aw a. 1 Language in Action Series) 
DuArl Kihn J.ab<>ratorie>j. Inc., 21.>\VV.sl SiJlh Strcel. New 
York. N.V. lOOIti. 

Kitnjs which be available for loam 

Htfictive Wntitftf, Uy mm,» 19 min.. sound, b/w, U, 

Deparlmi'ni of Ihe Air Force. Order No. TFJ 5072. 

P nut kill HH(^li}ih (■^[liji }, lAvtun' I: The Toots of 

!Mn<)\if\{}i\ \^ mm., liO min,, sound, b^w. 

Pnu't ixuil K U(j h i ■ s ufiv I, I. vc lure 1 0: Writ in <j CIcq r 

Nvrff* ^H'fs: UVrds f , 16 mm . 30 min, ♦ sound, 

b w. 

Vrtuluiil Kufjluih fJsugv /, i.eeture 13: I hen sing Up 
Si* n f r n cr.> ,* Vn rti \le\is m : A i a ufti nee of Sh ifl$, 16 mm. , JiO 
min., sound, Iv w. 

Pnii heai h'mjtish Usnge /, iAcUtv H: Dressing Up 
Si nU nei'H: Wont Heonomiji WonI Hi durfiaj,), U> mm , iJO 
iitin.. soimd, l» w, 

Prartivfil Hu({li.^h Cstuji I, Lechtre Ifi: Dressing Up 
Sittttiir*s: WinutiiiU, U> njm.. 30 min.. b w» sound. 



INDUSTitlAh t)ia;ANlZATl()NS. 
INSTITUTIONS AND (lOVKilNMKNT 



Hours Per Wi't'k 

Class. :\ 

IK'scriplion 

This roursi' (U'scribrs uinl analy/A's tho roles 
nf lalnir ami nianuKi'nuwit in ttu» cnmomy of 
\hv rniUul Slaiivs. AppruNimalcly half of 
. liir ^'lassroum linu* is cIovdUhI to labor-mnn 
a^onuMil relations, intludinK the rvolulion 
arnl t^rowth of ihi* Anu'riiMn labor move- 
nu'rit arifi ihtMli^vi'topnunU and structure of 
Amc rit un business mana^emeoL A study is 
rnadi' of the legal franunvf^rk vviihin which 
lal>or hiana^MMiienl relations are eondueted 
and !hi' res|Hmsil)ilities oT eneh in a demo- 
cratic system of government. The second 
half is rievote<l (i» labor-economics as applied 
l<i the I'orees affecliny,' labor su[)|)ly and (ie^ 
nwind, problems of unemploymenl anri wage 
determinaliini on the national, plant, com 
pauy. and individual levels. Kniphasis een 
lers upon eorrenl aspc^cts of industrial soci- 
ety, with historical references only as a 
background. ^ 



Major nivistons r\i>> 

L Labor in an In<lusirial 

VVortfi 1) 

II. Managi'menl in an In<liistrial 

Sorirly H 

HI The Ckdleclivc Bargaining 

Process 12 

IV. Dynamics of the Labor 

Market 8 

V. Wage an(] Salary Determination . 7 
VI. The lialanre Sheet of 

Lai)or Managemi^nl Relations ... 



1, Lal)or in an Indnslrral World 

A. The nature and scope of the Industrial 
Ke volution 

1. The factory system 

2. Occupational trends 
Mechanisms of adjustments 

!i. The evolution of American labor unions 
1. Nature of early unions; basic system of 
craft unions 
Q 2. Organizations by unions for solving 
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prtdilems 

l\. DevelopmiMil of business unionism 
J. The ehanging role of government 
St ruclurc* and objectives of American un- 

i(»ns 

I. Objerlives in collective bargaining 
1?. Tolilical objectives ami ladies 
:L Svr\u lure of craft and industrial unions 
I. M<ivi^nu"nt toward unity- the AFL- 

(TO merger 
r>. (Nmdtu'j of local unions 

II. Managi'ment in an hnlustriai Society 

A, The rise of l»ig business 

1. Kcuuomic factors 

2. Dominance of the corporation 

:V (iovrrnnieni, public policy, and big 
i)usiness 
I). The n)anagerial revolution 

1. Changing patlerns of ownership and 
management 

2. Scientific management 
Twi'Mlii'th cenlury trends 

(\ Structure and objectives of American in- 
dustry 

1. Pnubirtion for pr«d"it: an affluent soci- 
ety 

2. Structure of industry— organizational 
fmMus 

;r Hthii's in a comf>elitive economy 



111. 'I'he Collective' iiarganing Process 

A. Legal Iramevv4)rk 

L i'ommon law ffrovisions 
2, 'I'he growth of stjitute laws 
:j. Natiiwial Labor Relations lioard rul- 
ings 

L Specinc hiws; court deeisions 

a. The antitrust laws; effects on col- 
lective bargaining 

b. The Adamson and LaFollelte laws 
i\ Norris Latiuardia law 

d. Walsh'Healy law 

e. Wagner law 

f. Fair Labor Standards law 

g. TaflTIartly law 

h. L[intlrum Griffin law and beyond 
|{. Management and collective bargaining 
C Bargaining procedures and tactics, in- 
eluding mediation 

D. Issues and areas of agreement in collec- 
tive bargaining 

1. Security issues 

2. Working conditions 



Silfct y pt'ovisions :iiiit sniVly ('(iucnlHHi 
I..Moni\v iniitlors 
K. Mrtki s iuul liickouls: lartirs ami proven 

IV. 1 dynamics ol thi* l.ahur N!arkol 

A. l»Au\v sup)ily and \hv itiavkrt 

1, l.v\v\ and ionijiDsiiion of ihc \\\hov 
force • 

•J. Ctian^inM pallrrns of I'mptoynuMU 
Some «|U4'st Uins ahotil lahor siip[>ly and 
Iho markel 
IJ. Hrdiirlion arul innlrol of umMiiploynu^nl 

1. Types of unemi»loyment 

2. Proposed schemes (if eniploynu'nl sla- 
hilizalion 

'i. ( nniinnin.i^ problems 
( '. LalM»f rnuhility 

I . Types of lafxir niohilily 
li. Deterri^nts to lahor iiiobitily 
M. So^mvst*'<l f»;'<ii»rains lo improv*^ labor 
fuobilitv 



\ , W aur and Salary 1 It^h rniinalion 

A. Waues, salarit's, [iroeesses jnd en\ploy 
niei\l 

I. jii liiiition ol wai;4's and salaries 
•J. Waives and (he produrlive pron^ss 
I'hi' prol)U'ni of inflation 
1 1. \Vay»rs and ihv nali<»nal income 

1. Concepts of fneasurenient and prodiic 
(ivity 

I )flerrrnnants of product ivily 

Distribution of national income 
C. W aur str\uhir4's 

I. Oct upalional differences 
*J. (ir4it;raphir patterns 

Industry patlerns 
1. \\ i\y,v drlertnination: plant b»\el: indi 

vidua! waives 



2, Management — rights and responsibil- 
ities 

^. Tlo' future of capitalistic scuiely 
Msual Aids 

AtUUAS. S/ii/r iimf Itnul (hnTmnnuls. 

IV\rU, Ei'tUfumivs: Ati lutnHiut'liott to Ahtiliisia autl /'i»/iV// 

UlKSASZ ANh MWIS. Moth rn SoeUttj: Au lutroihiitiou 

(WHU. HKHNSTKIN. AND MOHUISON. Ai/unvau 

Ih thut nu'fj hi ThiOfii <!mt Pnu'ticv, 
( ;^a H { < i K . u fujv m l ul w I h tins t rjf 
IIUSU ASH I'iunilUO. Thv i\>htit\s^ ot Amrrhm 

Ihntot'rtU'n. 
M\UK ANJ> SI.ATKH. f'>o?{ttmfcs hi Acttoti. 
(Ha; ASP J{ A \ . Kss^ h t mis I »/ A)m ruuin (tnmnih vnf, 
W'.WA.y. i W F.vmHmii' llisiunj of thv t^tntal Stntm. 

Texts and llefereaces 

HnrvHo|KUMlia briUwuiuM Kilms. tl58 Wilnu'ltc Avoriue, 

\Niiim-Ho. in. mm, 

Mtiif tniti //<,s Cultun\ \i> mm.. 15 inin., sound, ti hick and 

I'ouim fh ifif A'l V /<» !*h ut(i, li) rum.. 20 min., sound, 
l>ljrk and whiii'. 

M.Crav tliH Huuk I n., hn.. :Mil \V*n» \>yM\ Sh'cct. N*'vv 

Snrhil i U\sst s in Awt rft'tt, U\ mm., lU min., sound, Uhuk 
and white. 

VVh liisi nt Dnnviiziil l.ntmr, Iti mm.. 18 min,. sound, 
black and whitr. 



VI. The nalan<"e Sheet of Labor Management 
Relations 

A. The contrcd and 4diinina1ion of poverty in 

a nioiU'rn industrial state 

I. The i»xtent o\ [poverty 

li, Thi' attack on poverty 

.'J. Trends and pr^rtenls 
H. Justice and di^jnity for all in an industrial 

democracy 

O I. The worker— status and goals 
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General Planning of Facilities 

Building anrl iMjuipping adiMiiuUo la\>oMlorics 
for loachitiK air pollution lechnotoKy is cxpen- 
$Wi\ Inslitulions iniliatinK such a program may 
find il necessary or desirable to spread Ihe buil- 
ding and ac<|uisilion expense of the laboratories 
over more than I year. Ideally, such laboratories 
will be built and completely equipped before the 
first class of students is enrolled* In practice, 
however, it is often more feasible for the institu- 
tion to buitd the laboratories and install the 
permanent work stations^ fume hoodst special 
utilities, and such equipment, and to provide 
only the minimum of laboratory equipment, such 
as analytical apparatus, balances, instruments, 
and air pollution control demonstration models 
as are required to begin the teaching program. 

Two basic laboratory types are required for 
the special air pollution technology courses. The 
rir*t is essentially a standard w et chemistry an- 
alytical laboratory. The second is a larger, unit 
operations laboratory having more free working 
area and a higher ceiling for performing experi- 
ments involving larger pieces of equipment. It 
may be that an existing chemistry laboratory 
(capable of handling 25-30 students) can be used 
for the air pollution analytical laboratory. The 
unit operations laboratory, however, requires 
special plumbing and services and a iarge 
amount of free floor space. It is strongly recom- 
mended that in any case there should be no com- 
promise in quality in the purchase of the perma- 
nently installed work stations, fume hoods and 
cabinols. 

Since the laboratory etjuipment is not unusu- 
ally heavy, there are no restrictions on the type 
of foundation required for the laboratories, Spe- 
cial utility rcfiuirements offer some restrictions 
in locating the facilities. Klectrical services 
should provide both 110- and 220-volt current for 
the instrument and furnace rooms of the analy- 
tical laboratory and the workshop and main unit 
operations laboratory. 

Hoth laboratories should be well lighted. A 
minimum of 70 foot-candles of light is recom- 
mended on all work surfaces of classrooms, offic- 
es, and laboratories. Fixtures should be selected 
to provide a comfortable, uniform light through- 
out the room: usually fluorescent type light is 
the most satisfactory. 

Temperature and humidity control equipment 
for the instrument room is very desirable. Air in 
the other areas should be within comfortable 
temperature ?nd humidity ranges. Particular 
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ullention should bo given to the amount of out- 
side air furnished to keep the laboratory air 
suitably fresh. The furnace room should bo ex- 
hausted adequately to maintain a comfortable 
working t«nperaturc and to remove fumes and 
water vapor released during dryings, 

Faculty offices may best be placed in small 
clusters in close proximity to the laboratories. 
Construction or placement should provide ade- 
(|uale speech privacy and isolation from noises 
originating in the laboratories. As in the labora- 
tories, air conditioning is desirable. Each faculty 
member should have a minimum of 150 square 
feel of office space. 

This discussion assumes that conventional 
classrooms, offices, lecture rooms, and the nec- 
essary related accommodations are already 
available. Therefore, only the physical facilities 
specifically identifiable with the technical speci- 
alty will be described. Since the classrooms, lab- 
oratory facilities, and laboratory equipment re- 
quired for the physics, chemistry, and biology 
courses for air pollution technology are conven- 
tional, the details will not be presented here. 

The requirements for the technical special- 
iy are somewhat unusual. Therefore, the 
minimum facilities and equipment needed arc 
described in some detail. Facility plans and es- 
timates are based on 24 students— the maximum 
number recommended in the specialty courses. 
If the facilities arc available, lecture courses 
may be larger, possibly up to 50 students, Some 
laboratory sections may be smaller than 24 stu- 
dents depending on the nature of the experi- 
ments to be performed. 

Air Pollution Analytical Laboratory 

A typical floor plan for an analytical laborato- 
ry is shown in Figure 20. The floor plan in 
Figure 20 calls for adequate work space and 
safety* Four center table assemblies arc rccom- 
mended for the main laboratory area. Figure 21 
is an illustration of a typical center table assem- 
bly. As shown in Figure 20, a standard chalk 
board is located on the front wall and a demon- 
stration table is provided to allow the instructor 
to demonstrate experiments and equipment ar- 
rangements. 

The instrument room should be located im- 
mediately adjacent to the main laboratory area 
so students do not have to leave the laboratory 
area to use the balances and other analytical in- 
strumentation. This room should be provided 
with temperature and humidity controls to avoid 
inaccuracies in the use of analytical balances or 
other instruments arising from changes in tem- 
perature or humidity. This room should also be 
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light proof. Thv room should bo furnished with 
solidly built balanci; tables to provide adequate 
stability for the analytical balances. Also located 
In this room are storage cabinets for auxiliary 
items associated with the use of the Instru- 
ments/A fume hood assembly is recommended 
for specialized Instrumentation work involvtng 
the use of volatile gases, see Figure 22. 

Since many analytical and sampling proce- 
dures in air pollution technology require the use 
of drying ovens or furnaces, a special furnace 
room is found adjacent to the main laboratory 
area, see Figure 23. Atmospheric pressure ov- 
ens, muffle furnaces and hot plates are available 
in this room. 

The stock room and utility room are located at 
thr opjuisite enl of the main laboratory area. 
Thi* slcK'k room should be well equipped with 
cabinets for storing laboratory equipment and 
chemicals, Delicalo glassware and dangerous 
chemicals shouhl lie kept in the stockroom and 
checked out as needed, Kxtra ghussware, rubber 
and glass tubing, and miscellaneous laboratory 
supplic\s should also be stored here. The utility 
room may be use<l for storing brooms and other 
cleaning utensils, storing cylinders of compres^ 
sed gas, or housing an air compressor if needed. 
It may also afford acci>ss to main steam valves» 
compressed air valves, gas valves, or cicctric 
circuit breakers which furnish utilities to the air 
pollution laboratory. 

Air Pollution Ifnit OperaUons l^aboratory 

The floor plan for the unit operations labora- 
tory is shown in Figure 24. This floor plan calls 
for a large open space to accommodate the fan 
lest apparatus, air pollution control eciuipment 
models* and any other large pieces of equipment 
necessary for demonstrating and performing ex- 
periments in air pollution sampling and cuntroi. 
Cabjnets, workbenches and tables occupy part of 
the perimeter of the work area. Since the room 
is designed for the use of portable demonstra- 
tion units, an overhead system for furnishing 
utilities is required. Connections for electricity, 
gas, wnter, steam and air are recommended. 

Adjacent to the work area are the workshop 
and the storage room. The storage room is used 
to store demonstration models and air pollution 
sampling equipment. The workshop should have 
a good assortment of hand and power tools. 
I Larger power tools such as lathes, drill presses, 

and bench saws are optional and could be added 
later in the program as required. A supply of 
pipe fittings, tube connectors, and simitar hard- 
^ - are may also be kept in the workshop. 
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Kqutpping and Kstlmattng the Cost of 
Laboratories 

Ideally, a program should start with fully 
etjuipped laboratories, but If necessary, the re- 
quire*! laboratories ci*n be equpped as the pro- 
gram ilevelopst the ouJay of funds before the 
first year of the program is thus reduced to a 
minimum the first year, and the costs of equip- 
ment needed for the second year can be spread 
over the first years operation. 

Experience has shown that the department 
head or one of the technical specialty Instructors 
is the best qualified person to make final decis- 
ions on the selection of laboratory equipment. 
His background in the technical specialty will 
usually prevent costly mistakes which often oc- 
cur when nontechnical employees select or buy 
e(|uipment. 

Surplus equipment, from either private or 
public organizations, can be an important source 
of good materials and hardware for equipping 
laboratories. Government surplus property may 
often be an especially attractive source of cither 
standard or specialized components, units, as- 
semblies, mechanisms, instruments, and sys- 
tems- the cost of which usually is only a small 
iracli'on of the cost when new. Educational insti- 
tutions are high on the priority list of agencies to 
which governmental surplus property is 
available. Information on government surplus 
property may be obtained from the State 
Director of Vocational and Technical Education 
or by Vw iting to: 

Chief, Surplus Property Utilization 

Division 

U.S. Department of Health, Education 
ami Welfare 
Washington, D.C. 20201 

Suppliers of chemical laboratory equipment 
may be found in the Thomas Rfgisier, or any 
other comprehensive listing of supphers of 
chemical and scientific laboratory equipment* 

The estimates that follow are based on the 
costs of equipping air pollution laboratories for 
24 students, with new equipment of good quali- 
ty. The estimates arc based on the purchase 
price at (he date of this publication. The esti- 
mates do not include costs of office furniture, 
conventional classrooms, and rooms or labora- 
tories necessary for the auxiliary or supporting 
science courses. They are specifically for labora- 
tories and rooms needed for the technical spe- 
cialty. 

Major items of equipment necessary for each 
laboratory are listed, and an estimate of their 
cost is given below as a gross figure with a rea- 
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soriablo ran^^* rolled variations m costs of 
brand names aricl incal aroas. Since comparable 
iloms of tM|ui|micni may vary in cost in various 
locations, individoal itoms are not priced. rx)sts 
of Hiuipmcnl may vary also if purchased in 
larger (luanlilies. Minimum e(iuipment costs and 
mUs of optional equipment are also given, 

KSTIMATKS KOU SI>KCIFIC FACILITIKS 
AlK POia.irnoN KUUIPMKNT AND SUP- 
Pl.lKS 



hem ntinni<l 

Heakers, 100 nd 18 

[leakers. 250 ml -18 

iieakers, UK) ml 18 
Beakers. (iOO mI 

Heakers, 11)00 ml 21 

Beakers. 2000 ml 12 

Bottles, wash, plastic . . . 12 

iiisttles. dropping. IT) ml . . 180 

BijUtes, sani)ik\ i <>/ . . . . , I]^> 

liotlle!>, storage. 1/2 gal . . . . / 12 

Bottles, reagent. 2i)n ml . . 18 

Brush Assorimeni I 

Burette, student. 50 ml • 12 

Burner, Bunsen . 12 

Clamp* pineheot'k 12 

t1ainp;tesl tube 12 

damp, ulilily 0 

t'lamp, thermmneler 15 

('!am[>, burette 0 

CnuMble. porcelain , 12 

Crucible et>ver. pcircelain . . 12 

Crueibb's, (loorh . . 30 

Holder, (uK)ch 0 

Cylinder, graduated, 10 nd . 0 

Cylinder, graduated, 50 nd 0 

(\linder. graduated, 100 ml . . . 0 

Cylinder, graduated. oOO ml ...... . 0 

I)ro|)pers, medicine 21 

Dish, evaporating ... 12 

FiU\ triangtihir . : , A 

Condensers . 6 

Flask, Krienmeyer. 125 ml . . , , 12 

Flask, Krienmeyer, 250 ml • 24 

Flask. Krienmeyer, 500 ml ..... . . . . , !2 

Flask. Florence. 500 ml 0 

Flask, Florence, 1000 ml 6 

Flask, voUimetric, 100 ml 6 

Flask, dislilliag* 50 ml ^ . 6 

Mask, distilling, 125 ml . 6 

- Flask, distilling, 250 ml 6 

rVlaSk;di$5iilling,500ml C 

■'"^'^'M 6 



Funnel. fiUering — . JJti 

Funnel, separalory^ 125 nd <i 

l^^mnel, separatory. 5t)0 tnl 6 

Funnel. Btu'hnt'r ... , 6 

itaux<\\vire JO 

(;iass plates , 40 

Watch glasses. 5'* 40 

(ilass plates, cobalt 6 

S|M)I plates 6 

Lilnuis paper 36 

King, 1*' , . , . 6 

Hing, 5'' . . 6 

King, t)" 6 

King stand 24 

Uid)ber stopper assortment .......... 0 

Spatula , .... 12 

SpDon. deflagrating . 6 

SuppiU'l. lest lultes . 12 

Test lubes. pyreN.3" . , , , 120 

TesI lul)os, pyreN. 1" X . , (10 

Tht'rmojiH'lera.^sortment (12) I 

Thistle lube lops 6 

Toiig. crucible ................ 12 

Triangle, wire and clay ............ 30 

llydromelers, assortmi^nl .... 1 

lU'sircator ............. 6 

Stirring rculsatui rubber policemen , . . , . 24 

Dislillingeolimin 6 

Pipet assortment 1 

( orkrings . . . . 6 

Ftuuiel suiipt)rl . . 6 

Tulnng, rubber, assortment 1 

Ttd>iiig, glass, assortment ........... 1 

Mortars and pestles 3 

Kslimated Cost of C*al)inet 
Invenlory - total. $2,000 to S2,500 

Water still . , . . . . , . . . . . I 

Finne Hood Assembly . 2 

l.ab wagon 4 

Klertrie stirrers . 0 

Balances, triple beam, capacity 311 

grams, sensitivity, 0.01 gram .... ... . 6 

BK»nders, electric .................. 6 

Sufetjf l^^jtiipinrhl 

Showers . ... .......... ... , . 2 

Shields ■ 10 

(toggles 2.5 

Fire blankets . . . ; 25 

Fire* extinguishers 5 

Kye washing fountain . 1 

First aitl cabinet 1 



Kstitiiated C'osl of Laboratory 
K<|uipment-- total. Sf3.500 to $7»000 



Furnace Room Kquipmcnt 
Oven, drying, gravity <!onvection 

40O-200O C range ... , 2 

Hot Plate, three hoat, 750^F 

approximately 14 5/8'* X 23 3/r 4 
Furnaces, muffle, 
91/2'* X 8 1/2'* X 13 1/2" chamber . . . 2 

Fume Hood \ . 1 

Balance, triple boam» capacity 311 
grams, sensitivity, 0.01 gram ....... I 



Miscellaneous assorted items- asbestos 

gloves, tongs and asbestos pads 

Estimated cost-- tota! $4,000 to $4,500 



rutueni Room Equipment requinui optiomt 



Ralances, digital balance 

0.1 mg sensitivity . / 3 

pH meters ... /. . . . / 3 6 

Microscope, student . 2 6 

Spectrophotometer, 320-1000'miili- 

micron range , . 1 

infra red, recording . . 1 

Atomicabsorption spectrophoto' 
meter, complete ......... 1 

Refractometer . . . . / 1 

Caschromalograph . . 1 

Transmissometcr 2 

IXist counter, light scattering . . 1 
Wind speed and direction indicators 
(Cost includes outside equipment) 1 



Plus examples of pressure and vacuum gages, 
Ihermocouples, and demonstration devices for 
aids in studying instrumentation. 

Estimated Cost of Required Equipment - 
lotat $ 9,000 to $10,000 

Estimated Cost of Optional Equipment- 
total $26,000 to $27,000 

Total Estimated Cost of Instrument 
Room Equipment- total $35,000 to $37,000 

Uyiit Opernthtis Lnboratory 

Air Pollution Control EquipmenU Demon^ 

St ration 

S'urnbir Number 

Item required optional 



Cyclone Model, plexiglass, 50 cfm 1 
Vcnturi wet scrubber, plexiglass, 

150 cfm 1 

plate scrubber mod- 

el plexiglass, 3 plates, 80 cfm ... 1 
Hag filler model, 

: plexiglass, 23 cfm 1 

tower model, plexiglass, 



Gas Flow Measurement Equipment 

Fan test apparatus ............. , i 

Dry gas meters ................. 4 

Wet tost meters 1 2 

Air velocity Kit (including pilot 

tube & inclined manometer) .... 2 4 

Barometer^ mercurial . . 1 

Thermometers, wet and dry-bulb, 

assortment ...... i 

Sling psychrometer ........ . 3 

Air Pollution Sampling Equipment 

Orsat apparatus ......... .. 2 4 

Dustfall containers and stands .... 10 

Xumber Number 

If^^ required optitmal 

High volume filter sampler and 

shelters ..................... 4 

Orifice calibration kit ... . ..... 1 2 

Tiipc sampler 3 

Hydrogen sulfide unit 2 

Rotorod assembly ............ . 5 

Cascade impactor 2 

Lead dioxide candle stations .... 10 

Sulfation plates holders . . , , 10 

Rubber cracking apparatus . 10 

Corrosion plates 30 

Sampling probe, 4' ............ 1 

Sampling probe, 8' ... I 

Sampling nozzle, 1/4'' ...... . 1 

Sampling no2zIe, 3/8" .-. i 

Sampling nozzle, 1/2" ....... 1 / 

Fabric panels ....... 5 

Silver plates . . . 5 

Membrane filters and holders . . 5 

Grab sampling vessels . 10 

Orcenburg-Smith Impingors ... 16 

Midget impingers \ ...... 24 

Densitometers .... ..... . ... 2 

Andersen sampler . . . . 1 2 

Ozono meter . . . . ............... 1 2 

24 hour sampler ... 1 2 

Sequcnlial sampler ..... ... 12 

Thermal precipitator sampler .... 1 

Eleclrostalic precipitator sampler 1 
Hydrocarbon analyzer . ... . . ... . I 

Vacuum pumps . . ,\ . . _ . . . , . 3 6 

Hygrolhermometcr ..... . . . 2 

Smoke generator , . . . . . 1 
Plus an assortment of items such as 
stop watches, asbestos gloves, 
hoses, and clamps. 



Estimated cost of required Unit 
Operations Equipment- 
total, $14,000 to $15,000 
Estimated cost of optional equipment- 
total, $17,000 16 $2:0,000 
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Total Kstlmalod Cost ot Unit SUMMARY OF COSTS 

Operations Kquipment- . . ■ 

total, $31,000 lo $35,000 In addition to the cost of basic equipment, a 

sum of $55,000 to $65,000 should be included for 
Workshop area is to be e(iulpped with various the cost of installing equipment and purchasing 
liand tools, power tools, and other specialized the special built-in laboratory assemblies. It Is 
tools for plumbing, electrical work* and assumed that a corttnuing budget will bo pro- 
W(M)dworking. vided for repairs and maintenance of the laborav 

tories. 

The total eost of laboratories and equipmenti excluding conventional classrooms 
and offices, for an air pollution technology program, based on 1971 prices, Is 
estimated as followsj 

Estimated Cost 

UhomtoryFacilily Retjuired Optional 

Air Pollution Analytical 
Laboratory 

Cabinets, work stations 

and other furnishings $ 30,000 lo $ 35,000 

Kqulpment 21,500to 24,000 $ 26,000 to $ 27.000 

Air Pollution Unit Opera- 
tions iM-iboratory 
l\ibinols, work stations 

and other furnishings . 25.000 to 30,000 

K<iuipmont 14,000 to 15,000 17,000 to 20,000 



Total Kstimated Cost $ 90,500 to $104,000 $ 43,000 to$ 47,000 

Tola! Kslimated Cost of 
Required Kucilities plus 

Optional Kucilities $133,500 to $151,000 

The foregoing estimates do not provide for the cost of the building itself; If it is 
constructed for the program, the cost may be roughly calculated at from $20 lo $25 
f)er square fo()l of unfurnished laboratory space* 
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Appendix A 

SUGGESTED LIBUARY CONTENT FOR THE 
TECHNOLOGY 

The library content may be classified as basic 
encyclopedic and reference Index material, ref- 
erence books pertinent to air pollution tech* 
nology» periodicals and journals, and visual aids. 
Encyclopedic and Reference Index Material. 

This partof the library content is basic in that 
It contains the broadly classified and organized 
cataloging of all available information pertinent 
to the objectives the library serves and the pro- 
gram It supports* 

The following Is a typical list of general ref- 
erence material that might be found in a publicly 
controlled technical institute. Though many are 
general, some or all of these might appropriately 
be a part of the library which supports an air 
pollution technology program. This list is not 
complete, since it is presented as an example. In 
ordering any of the references, specify the latest 
edition. 



AIR POLLUTION: A. 0. Stern, Academic Press, Inc., Ill 

5lh Avenue. New York. N.Y. 10003, 
AIR POLLUTION ABSTRACTS: U.S. Government 

Prlnlfng Office, Washington. 0,0. 20402. 
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AIR POLLUTION HANDROOK: Paul L. Magili, et. al. 
McGraw Utll Hook Co., Inc.» 330 W. 42nd Street, New 
York, N,Y. 10036. 
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I.. Publication No. AP-7I, U. S. Government Printing 
Office. Washington. D.C. 20402. 
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AIR POLLUTION MANUAL PART 1: EVALUATION: 
American Industrial Hygiene Association, 14125 Prevosl 
Streets Detroit, Mich. 481227. 
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Publication No. AP 62, U. S. Covernmeni Printing Office, 
Washington, D.C. 20402. 
AIR QUALITY CRITERIA KOR HYDROCARBONS: 
Publication No. AP64, U.S. Government Printing Office, 
Washington, D.C. 20402. 
AIR QUALITY CRITERIA FOR PARTICULATE 
MATTER: Publication No. Ai'49, U. S. Government 
Printing Office, Washington, D.C. 20402. 
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OXIDANTS: Publication No. AP-63. U. S. Government 
Printing Office, Washington, D.C. 20402. 
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Pubh*cation No. AP-SO. U.S. Government Printing Office. 
Washington, D.C. 20402. 
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. : of Co'vernmental Industrial HygienisLs, iOH Broadway. 

- - v .CW^InnalirOhto 45237. 
; ; :\AMRftlC^H CP DICTIONARY; Random House, 

' Q "tfihtWihon Avenue, New York, NY, 10022. 
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AMERICAN PUBLIC WORKS ASSOCIATION YEAR- 
imKi American Public Works Association, 1.313 E. 60th 
Street, Chicago/Ill. 606.37. 
ANALYSIS OF AIR POLLUTANTS, THE: W. Lellhe, Ann 
. Arbor Science Publishers, Inc.* Box 1423. Ann Arbor, 
Mich. 48106. 

APPLIED SCIENCE & TECHNOLOGY INDEXs H. W, 
Wilson Co.. 950 University Avenue. Bronx, N.Y. 10452. 

ASTM STANDARDS: American Society for Testing ami 
Materials, 1916 Race Street, Philadelphia, Pa. 19103. 
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ACID MANUFACTURING PROCESSES^ Publication 
No. AP 54, U. S. Government Printing Office, Washing- 
ton. I),C, 20402. 
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MANUFACTURING PROCESSES: Publication No. 999- 
AP'27, U. S. Government Printing Office, Washington, 
D.C. 20402. 

ATMOSPHERIC EMISSIONS FROM SULFURIC ACID 
MANUFACTURING PROCESSES: Publication No. 999. 
A1M3. II S. Government Printing Office, Washington, 
D.C, 20402. 

ATMOSPHERIC EMISSIONS FROM WET PROCESS 

PHOSPHORIC ACID MANUFACTURE: Publication 

No. AP-57, U. S. Government Printing Office, Washing- 

ton. D.C. 20402. 
WBLIOGRAPHY INDEX, THE: IL W, Wilson Co.. 950 

tfniverslly Avenue, Bronx, N.Y. 10452. 
HVSINESS PERIODICALS INDEX: H. W. Wilson Co,, 950 

Itnlversily Avenue, Bronx, N.Y; 10452, 
CHEMICAL ABSTRACTS: American Chemical Society, 

1155 16th Street. N.W., Washington. D.C, 20006. 
CHEMICAL ANALYSIS OF AIR POLLUTANTS, THE: 

M, H. Jacobs, Interscience Publishers, Inc. (John Wiley 

and Sons, Inc.) 605 Th Ird Avenue, New York. N.Y. 10016. 
CHEMICAL ENGINEER'S HANDBOOK: John 11. Perry, 

McGraw-Hill Book Co., Inc.. 330 W. 42nd Street, New 

York, N.Y. 10036. 
CHEMICAL INDUSTRY FACTS BOOK. THE: 

Manufacturing Chemists Association, Inc., 1825 Con- 

necticut Avenue, Washington, D.C. 20009. 
CHEMICAL PROCESS INDUSTRIES, THE: R. N. 

Shreve, McGraw Hill Book Co., Inc., 330 \V. 42nd Street. 

New York. N.Y. 10036. 
COLLIERS ENCYCLOPEDIA: Collier-Macmillan Library 

Service Division, 60 Fifth Avenue. New York, N.Y, 

10011. 

COMMERCIAL AXLAS AND MARKETING GUIDE: 
Rand McNally & Co., Box 7600. Chicago. Ill, 60680. 

COMPILATION OF AIR POLLUTANT EMISSION 
FACTORS: Publication No. 999-AP'42, U. S. Govorn- 
ment Printing Office, Washington, IXC. 20402. 

CONSERVATION YEARBOOK: U. S, Government 
Printing Office. Washington. D.C. 20402. 

CONTROL TECHNIQUES FOR CARBON MONOXIDE 
EMISSIONS FROM STATIONARY SOURCF^S: 
Publication No. AP 65. U. S. Government Printing Office, 
Washington, D.C. 20402. 

CONTROL TECHNIQUES FOB CARBON MONOXIDE. 
NITROGEN OXIDE AND HYDROCARBON EMIS 
SIGNS PROM MOBILE SOURCES: Publication No. AP- 
60. U. S. Government Printing Office, Washington, D.C. 
20102. 

CONTROL TECHNIQUES FOR HYDROCARBON AND 
ORGANIC SOLVENT EMISSIONS FROM STATION 
ARY SOURCES: Publication No. AP-68, U. S. Govern 
mcnl Priming Office. Washington, ^ D.C. 204d2. 



('()NT^u)l/TF.^^NUiU^-s m\ nituoc.kn oxiok 

HM1SS10NS Vim\ STATIONAUY SOUHCF.S: 

l>ubliCfttloti No. AViSl. U. S. (lovernmcm VtiiMm Office, 

WashinKlon. D.C, 20102. 
CONTHOL TKCHNUIUKS FOH l»AHTICUl.ATK AlK 

POUUUTANTvSt PublicAllon No. APf)!. S. Govern 

nicj^l PrlnlinK Office. \Vashini?lon. D.V. 2m2, 
COSTKOli 'IKCHNIQUKS FOH m.WW OXIDK AlU 

POLLUTANTS: I'utilicalion No. Al» 52. U. S. Onvern- 

nienl HrinlInK Office, Wnshinj^lon. 1>.C. 20102. 
CUMlUeATlVK noOK INDKX; 11 W. WiUott Co.. 950 

Uftivcrsliy Avenue, Bronx, N.Y. IDJ52. 
DICTIONAUY OF AIMM4KI) CHKMfSTUY; J/ Thorpe. 

John Witey K Sons. Inc.. 605 :Jr<l Avenue. New York. 

N.Y. 10(116. 

KNCYCLOl»AKinA IUUTANNIOA; Fncyclopaedia Hrl 
tannica, tfi% 125 N. Michigan Avenue, Chicago. 111. 

KNCYCL0PK1)L\ ANSKKICANA. TJIK: Americana 
Corpor.ilion, .)75 Lexinglon Avenue, New York, N.Y. 
101)22. 

FNCYCL0rKI)L\ OF CHF.MICAL HKACTIONS: G. A. 
Jacobson and Clifford A. Hampel. Heinhold l*ubHshin)f 
Corp . IU)ok iiivlslon, j:30 I»ark Avenue, Now York. N.Y. 
10022, 

KNCYCL0PK1>L\ OF CIIKMISTRY. TIIF: Clark and 

Hawley, Heinhotd Publishing Corp.* Hook Division, 4:^ 

Park Avenue, New York; N.Y. 10022. 
t:NCYCLOPKl>L\ OF TllF SOCLM. SCIKNCKS: The 

Macmman Co * *jO Fifth Avenue* New York. N,Y. 10011. 
KNCYCLO!>KniC !)ICT[0NAUY OF PHYSICS: J. 

Thewlis, Pergamon Press. II 9) 21sl Street, l/>ni? Island 

City. N,Y. 11101, 
KNOINKKKINCI INDKX: Kngineering Index, Inc., R 

nih Stftet. New York, N.Y: 100;36, 
KNOINF.FKINC. MATKHIALS MANDHOOK: Charles L. 

Manlell, McGfaw HillPook Co . Inc..:i30 \V. 12d Street. 

New Yf>rk, N,Y. I003t). 
FLOW MKTKk KNGiNKKIllNli ]L\NI>nOOK: C. F. 

Cu^ick, llonevwen.lnc.V Port Washtnglon. Pa. 19031. 
HANDBOOK OK AIR POl.I-UTION; Publication No. 999 

AP VL U. S. (iovernment Printing Office, Washington, 

1>.C. 20102. 

ILWhHOOK OF CIIHMfSTKY AND PHYSICS: Chemical 
Kubber Publishing Co., 2iU) Superior Avenue, N.R* 
- Cleveland, Ohio UlU. 

INnt^STHJAL P01,LUT10N CONTROL HANOHOOK; 
: Herbert F. Lund. MKiraw Hill Hook Co.. Inc.. m W. 

I2nd Slrcet. New York. N.Y. 100:^6. 
INTFKNATIONAI. CIUtlCAt. TAHLKS: MeCirawHill 

Hook (V, Inc., m \\\ •V2nd Street. New York. N,Y. 

100:iH. 

INTKKNATIONAI. hICTtONAKY OF PEIYSICS ANO 
FLKC^rUUNJCS; Van Nostrand Co., Inc., Princeton. N.J. 

INTKKSOCIKTY COMMITTKF MtmiODS FOU AM 
lilKNT AlK SAMPLING AND ANALYSIS: American 
I'ubUc lleallh Associcition, 1710 Pro.idway. New York. 
N.Y. 10019. 

LAItOUATOHY MKTHODS: Air I'ollutlon Control 

Dhlfict. County of l/)s Angeles, 431 S, San Pedro Sirectv 

Los Angeles; (*alif. 90013. 
LA1H)R POLICY AND PKACTICF: bureau of National 

Affairs. Inc., 1231 21lh Slreol. Washington. D.C 200:r?. 
-LltlHAUYsOF CONCiUFSS CATALOG: U, S. Library of 

'CoftgWss.- Washington, D.(-. 20000. 
MAKClAf; FOK Pi^OCt:ss KNCINKKRING CALCUI^ 

' Ati6SlS;"M<Gfaw !lill Hook Co.; Inc.. 330 W. i2nd 

a&mr i<e#' vork^? n.y/ i oo^w . 



MAKK'SSTANDAIID HANDHOOK FOR MKCHANJOAL 

KNGINKKUS: Theodore Haiimelster. McOraw Ulil Hook 

Co., Inc.. 330 W. •12nd Slreel. New York, N.Y. 10038, 
MiGUAW IIH.L KNCYCLOPKDIA OF SCIKNCK AND 

TKCllNOLOOY! MeOraw ltill I^k Co., Inc., 330 W; 

12nd SlreeL New York. N.Y. 10036. 
MFiTALS HANDhOOKr American Society for Metnts. 

Teehnical Hook Dept., Novelty, Ohio 41072, 
MOODY'S INDUSTRIAL MANUALt Mood/s InvesldFs 

Service. 99 Church Street, New York. N.Y. lOOOt. 
DXFOlO) KNGLISII DICTIONAUY: Oxford Unlversiiy 

Press, Inc, 117 Fifth Avenue. Ne^- York, N.Y, 10016. 
PAirncLF ATLAS. THKf Walter C. McCrone. Ann Arbor 

Science Publishers. Inc., Box 1425, Ann j\rbor. Mich. 

IHIOO. 

I'OOH'S ltK(ilSTFH OF COHPOHATIONS. DIHKCTOHS. 

AND F\FCUT!VHS; Standard and Poor's Corporalloni 

345 Hudson Street. New York, N.Y. lOOU. 
POWFH TKST CODKi American Society of Mechanical 

Knglneers. United Knginecrlng Center. 345 K. 47th 

Street. New York, N.Y. 30017/ 
PHOFILKOF AlK POLLUTION CONTROL: 1/is Angeles 

Air Pollution l^onirol District, 134 S. San Pedro Slrcet. 

Los Angeles. Calif. 90013. 
RKADKR'S GUIDK TO PKRtODlCAL LITKRATURK, 

THF: IL W. Wilson Co . 950 University Avenue. Bro5X» 

N.Y. 101.52. 

IIKCOGNITION OF AIR POLLUTION INJURY TO 
VKGKTATION; A PICTORIAL ATLAS: Jay 
Jaeob^on and A. Clyde Hill. Air Pollution Control 
AssiK-iation^ UOOth Avenue, Pittsburgh. Pa. 15213. 

RKSKAHCn AND IU:VFLOPMKNT ABSTRACTS: I), S. 
Atomic Fnergv Commission. Washington. D.C. 20000. 

SCIKNTIFIC AND TECHNICAL SOCIKTIKS OF THK 
t'NlTKD STATKS AND CANADA: NalionaL Academy 
of Sciences, National Research Council, 2101 Constitution 
Avenue. N.W., Washington. D.C. 20000. 

SOCKCF.TKSTING HANDBOOK FOR AIR POLLUTION 
CONTROL: A. T. Rossano. Jr. and H. H Cooper, h^n- 
Uronmental Science Services, 24 Danbury Road, Wilton, 
Conn. Ot>?!^97. 

STANDARD MKTHODS FOR THK FXAMINATION OF 
WATKR AND WASTKWATKR: American Public 
Health Assodntion. 1740 Broadway. New York, N,Y, 
10019. 

STATISTKWL ABSTRACT OF THK U.S.: Department of 

Commerce, Washington. D.C. 20402. 
TKMPFRATURK-ITS MP:ASURKMKNT AND CON- 

TROL IN SCIKNCK AND INDUSTRY; American Insti- 

tale oi Physics. .335 Kavl 45th Street, New York, N.Y. 

10U17. 

THOMAS RKGISTKR: Thomas !*ublishing Co.. 461 Kighth 

Avenue, New York, N.Y. lOOOL 
VAN NOSTRANEVS SCIKNTIFIC KNCYCLOPKDlAi D. 

Van Nostrand Co., Inc., !20 Alexander Street, l^inceton, 

N.J, us5to; 

WKBSTKU S INTKRNATIONAL DICTIONARY: 0. & C. 
Merrbm(*o.. 17 Federal Street. Springfield. Mass. 01102. 



Technical Journals. Periodicals, and Trade 
Magazines 

The importance of this part of the Hbrary con- 
tent must be ro emphasi/cd. The publications 
listed represent the most authoritativc» most re- 
cent, ftnd most thorough presentation of new in^ 
formation and new applications of principles to a 
given specific area of applied science. It is essen- 



lial that bolh instructors and students mako fre- 
c|Uont and systematic use of such litcraturo to 
keep their technological Information up to date. 

Careful selectivity should be exercised in re- 
taining, binding* or microfilming periodicals for 
permanent library use» Some represent impor-^ 
tant reference material which may be used for 
many years. For example, certain issues of the 
Federal Register contain regulations, criteria, 
standards and testing and analytical procedures 
for air pollutants published by the Environ-; 
mental Protection Agency, However, somei eS'* 
peclally the trade journals, should not be bound 
for permanent reference material because the 
important material which they contain will 
usually become a part of a handbook or textbook 
or be presented in a more complex and usable 
form within a year of so» 

The following is a typical list of technical jour* 
nals, periodicals, and trade magazines which 
would be desirable in the library^ This list is giv- 
en as an example which may suggest approprl* 
ate publication to those whoaro concerned with 
this type of content for a library supporting air 
pollution technology programs, 

AlKvNNl) WATKKNRWS: McGraw Hill. Inc., 3:50 W. 42nd 

Streel, Ni«w York, N.Y. 10036. 
AIR CONDITIONING, IIKATING AND VKNTILATING: 

Industrial l*ross, 200 Madison Avenue, New York, N.Y; 

10016. 

AIH CtUiRKNTS: Citizens for Clean Air, Inc., 40 W. 57lh 

Sircel. New York, N.Y, 10019, 
AMKRICAN CITY; Kullerheim Publishing Cx>rp„ 

lierkshire Common, Piltsfield, Mass. 01201. 
AMKRICAN INDUvSTKlAL HVGIKNn ASSOCIATION 

JOURNAL: American Industrial Hygiene Association, 

11125 Prevosl Street, Detroit, Mich. 48227. 
AMKRICAN PURMC WORKS ASSOCIATION 

REPORTKRi American I»ublic Works Association, 1313 

K. 60th Street, Chicago. III. 60610. 
AMKRICAN SCIKNTIST: The Society of the Si^ir.a Xi. 

Whitney Avenue, New Haven, Conn. 0G510. 
ANADYTICAli CHKMISTRY^ American Chemical Society, 

1155 I6th Street. N.W.. Washington, D.C. 20036. 
ARCHIVKS OK INDUSTRIAI. HKAKTH: American 

Medical Association, 535 N. Dearborn Street, Chicago. 

III. mm. 

ASCK SANITARY KNGINKKRING DIVISION JOUR- 

NAI^: American Society of Civil Kngineers, 345 K. Mlh 

Street. New York, N.Y. 10017. 
ASHRAK JOURNAL: HKATING. RKFRIGKRATION & 

AIR CONDITIONING: 315 K- 47lh Street, New York, 

N.Y, 10017. 

ATM0SI4IKRIC KNVIRONMKNT: IVrgamon Press, 4401 

2lsl Street, Long Island City, N.Y. 
RCSINKvSS WKKK: McGraw-Hill tV^ok Co., Inc., 330 W. 

i2nd Street. New York. N.Y. J0036. 
CHKMICAL AUSTRACTS: American Chemical Society, 

16lh street. NAVV, Washihgton, D.C. 20036. 
CllKiUCAl/ KNGINKKRING: McGraw-Hill, Inc., 330 W. 
> 42ffd Street, New York, N.Y. 100.30. 
CtBAK^ Commerce Clearing House. Inc., 4025 

O t*^tWM"Av^nui^'f^^ 111. 60646. 
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COMPOST SCIKNCK: Robert Rodalc, Publisher, 33 Minor 
Street. Kmmflus, Pa. 18049. 

CONSUMKR RKPORTS: Consumcrfi Union of U. S.» Inc.» 
2.56 Washington Street/Mount Vernon, N.Y. 10550* 

CURRKNTS: Manufacturing Chemists Association. 1825 
Connecticut Avenue, N.W., Washington, D.C. 20009. 

KNVIRONMKNT: Committee for Environmental In- 
formation, 438 N. Sklnker Boulevard. St. Uuls. Mo. 
63130. 

KNVIHONMKNTAl. SCIENCK AND TECHNOLOGY! 

American Chemical Society, 1155 I6lh Street. N.W., 

Washington. D.C. 20036. 
KKUKRAL RKGISTERj National Archives. V. S. 

Government Printing Office, Washington. D.C. 20402. 
INDUSTRIAL AND ENGINEERING CHEMISTRYs 

American Chemical Society, 1155 16lh Street, N.W. 

Washington. D.C 20036. 
JOURNAL OF THE AIR POLLUTION CONTROL 

ASSOCIATION: Air Pollution Control Association. 4400 

5lh Avenue. Pittsburgh. Pa. 15263, 
JOURNAL OF APPLIED METEOROLOGY: American 

Meteorological Society, 45 Beacon Street. Boston, Mass. 

02108. 

JOURNAL OF ENVIRONMENTAL HEALTH: National 
Association of Sanitarians. 1550 Lincoln Street^ Denver, 
Col. 80203» 

JOURNAL OF LABORATORY AND CLINICAL 
MEDICINE: C V. Mosby Co-, 3207 Washington 
Ik)ulevar(i, St. Louis. Mo. 63103. 

POLLUTION ABSTRACTS; lk>x 2369, Dept. W,, U Jolla, 
Calif. 92037. 

POLLUTION EQUIPMENT NEWS: Richard Rimbach. Sr , 
Publisher. 8550 Babcock Boulevard, Pittsburgh, Pa. 
15237. 

PUBLIC WORKS: Public Works Journal Corp., Inc., 220 S. 

Broad Street. Ridgewood, N.J, 07451. 
SCIENCE: American Association for the Advancement of 

Science. 1515 Massachusetts Avenue, N.W,, Washington, 

D.C. 20005. 

SCIENCE NEWS: Science Service, Inc.. 1719 N. Street, 

NAV., Washington, D.C. 20006. 
SCIENTIFIC AMERICAN: 415 Madison Avenue. New 

York, N.Y. 10017. 
SOLID WASTES MANAGEMENT: RRJ Publishing Corp., 

150 E. 52nd Street, New York. N.Y, 10022. 
WATER CONTROL NEWS: Commerce Clearing House. 

Inc., 4025 W. Peterson Avenue, Chicago, 111, 60646. 
WATER RESEARCH: Pergamon Press, 44 01 21st Street, 

Long Island City. N.Y. lUOI. 
WPCF JOURNAL: Water Pollution Control Federation, 

3900 Wisconsin Avenue. Washington. D.C. 20016, 
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The American lilbrary Association states that 
"aZ^ear Insttlullon of up to 1,000 students (fullv 
time equivalent) cannot discharge its mission 
without a carefully selected collectton of at least 
20,000 volumes, exclusive of duplicates and text- 
books, Institutions with broad curriculum offer- 
ings will tend to have larger collections; an Insti- 
tution with a multipltcity of programs may need 
a minimum collection of two or three times the 
basic iigure of 20.000 volumes/ The book hold- 
ings should be increased as the enrollment 
grows and the complexity and depths of course 
offerings expand. Consultation with many junior 
college librarians indicates that for most, a con- 
venient yardstick would be the following: The 
bookstock should be enlarged by S,000 volumes 
for every 500 students (full-time equivalents 
beyond 1,000/' 

At the initiation of u given technology pro- 
gram, the head of the program and the librarian 
should review the current pertinent reference 
books available and list books to be placed In the 
library as regular reference material A recom- 
mended policy (s to place in the library only 
those reference books which are not a part of the 
regular textbook material for the various air 
pollution technology courses. 

At the beginning of the program, the library 
should contain at least 200 or 300 reference 
books on various aspects of the technology spe- 
cialty and its related fields. Beyond the initial 
200 or 300 books there should be regular and 
sysiematic additions to the reference materials 
in the library supporting the technology from 
year to year, and eventually a weeding out of 
those references which have become obsolete. 

Visual Aids ^ 

The procedure outlined above for the acquisi- 
; t of books pertinent to the air pollution tech- 
nology program is also suggested for placing the 
^ visual aids in the library* Both the librarian and 
the head of the program should review and 
evaluate visual aids materials as they become 
available; and those which are considered ap- 
propriate should be borrowed for special use or 
purchased for regular use. 
, In addition to the visual aids for teaching phy- 
sical science principles, there are valuable films 
showing research, testings and presenting fact- 
fe-uhl informatio which should be used selectively 
:irfVe4^^ pollution technology. 



?ERjr ' 



SOCIETIES AND AGENCIES PERTINENT 
TO THE EDUCATION OF AIR POLLUTION 
TECHNICIANS 

A list of some of the professional* sclentiflCi 
and technical societies concerned with air pollu* 
tlon technology may be a useful source of Inr 
structlonal information and reference data. 

The selected which follows is not a complete 
listing of all such organizations; and Inclusion 
does not Imply special approval of an organiza- 
tion, nor does omission imply disapproval of an 
organization, Details regarding local chapters or 
sections of societies have been omitted. 

It is suggested that teachers and others desir- 
ing information from the organizations listed 
below should address their inquiry to "The 
Executive Secretary" of the organization . A 
request for information about the organization 
and its services, or (or specific information 
usually can be answered promptly by them. 

A!H POLLUTION CONTROL ASSOCIATION (APCA), 
Am Fifth Avenue. Pittsburgh. Pa, 15211 
History; Organized 1906 as International Association for 
the Prevention of Smoke; name changed to Smoke 
l>revention Association in 1915; Incorporated in 1923; name 
clianj?ed to Smoke Prevention Association of America In 
19-10; name changed to Air Pollution and Smoke Prevention 
Association of America In 1950: name changed to present 
titlp in 1952. 

i*urpose: To Improve air saniutlon and foster control of 
almospherlc pollution affecting health and/or causing 
damage to property, and waslo of natural resources; to 
encourage public acceptance of the necessity for at- 
mospheric pollution prevention and assist governmental 
units toward a solution of this problem; to encourage the 
development and adoption of apparatus, c(^ulpmcnt, and 
operating procedures that will economically prevent 
pollution of the atmosphere; to promote research In the * 
solution of problems embracing ail sources of atmospheric 
j>^)llu{ion; to prepare and distribute literature and publica- 
tions piTlaining to the problems involved In providing 
iltMn^'r iiir. 

Membership: Industrialists, researchers, equipment 
manufacturers, governmental control personnel, educators, 
meteorologists, and others seeking economical answers to 
the problems of air pollution. 

i'ublicatlons: Joumal of (he Air PoUution Control 
Associalion: Directory 0/ Goi^mmental Air PoUution 
Agencies 

AMKHICAN ASSOCIATION FORTHK ADVANCKMKNT 
OK SCIENCK, 1515 Massachusetts Avenue, N.VV., 
Washington. D.C. ^0005. 
Historyi Founded 1818. , - 

Membership: Membership includes individuals and 
scientific societies, professional organ i/ations and state and 
city academies (many of which sponsor junior academies of 
science). 

■ Publications: Science Symposium Votumei: -^nce 
FducaHon S^ewirAAAS liuiletini UndeTitanding: 
Hooks. 
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AMKIUCAN ("ilKMK'Al, SOCIKTY iA(*Sl. 1155 Six 
ivQnih Slrocl. N.W., WashinKHin. 200:Vi. 

Ilistdry: OrgatiiytMl April 20. 1^70; incortJornted IS??; 
rcor^jattii^tMl 1891-92 lo secure nalional parlleipallon; In 
corporate<i under Fcdor.iI Charter. 

Vurjiosc'i To cnvoiir.i>{ivjn ihe broadest and mosi liberal 
nlaftiicf the ndvancomeni ui t'hcmislr>' In nil its bramtios; to 
|trbniole research in chemical scieJite and industry; to 
Improve the <jualificaUons and usefulness of chcnusts 
through h^^^h slamljird;* of professional ethic:*, education, 
and attainment!*; to increase and diffuse chomlciil 
knowUH^K^^ and hy its n^eetings, professional contancts, 
refwris. papers^ discusslonsrand publications, to proniolc 
scientific Interestst and Inc^uiry, thereby fostering public 
welfare and etlucation. aiding the development of the 
country's industries, and adding to the material prosperity 
and happiness of its people. 

Membership: Scientific, educational, and professional 
so<Mety of chemists and chemical engineers. 

!*ublicallons: AualyUvdl Vhi'nilgirif; Hio< himktry: 
i*kvmkal Absiracta; Chemicnt ami EnffiUiintig tWeus: 
Chemknl kvvieu sr Chemistry^ t'^'nironrnt tUaiScicnve and 
Technology: Industmt and EnfjmerinQ Chanistry; 
JnorgnHic ChcmKitnj; Jountal of Agncuiiumt nr)d FwhI 
ChemUtry: Jvunini of thv American Chemicai Socuty: 
Jmnmt of C^hemicul anti Euyimcriuy Aif(f; Journal of 
Chk'mkni Document^Uo}}; Jourtial vf Chemical Education^ 
Jounntf of Mtiikmil Chitnistry: Jounuil of Orgauic 
Chtmistry; Journat of PhyiiUnt Chcmktry: RMer 
ChimUtry and TtichtioUujy, 

AMKKICAN INDUSTRIAL HYOIKKK ASSOCli^^N 
lAlMA* 1412.1 Prevosl Avenue. l>etroit, Michigan 
SS227. 

History: Kounded 1939, 

Purpose; To promote the study and control of en 
vjronmental factors affecting the health and well being of 
industrial workers. 

Mombership: Professional society of Industrial hygionv 
'isls. 

Publications: The Amencan /ndaslriol Kytjknc Assof^m- 
tion JtninmU flygiernc Oui'di's. 

: AMKUtCAN INSTITUTK OP CIIKMICAI. KNGlNKKEtS 

lAIChKJ,:ir)Kast ITSircet. New York, N.Y. I0(U7. 
■ History: Founded m^. 

Purpose: Condnrls research projects: establishes 
. siami.ifds for rbemica! engineering curricula. 

MemlicTship; Professional society of chemical engineers. 
Pijblications: Chemuvt f-hajfturriug Prograsi /\lChhi 
Jhumat: lutenHitionnl Chi'micai Engiravnng; SyjnfHWum 
.SVnV.s". 

AMKKICAN MKTKitUUOLOtitCAL SOClKTY. 45 IJea 
ron Street. Hoston. Mass. O2108. 
HiMoryj Poundeii 1919. 

i^urpose: To develop and ilissenunate knoN>lc><ige of 
nirteorology in all its phases and applications and to ad 
vance its professional ideals. Activities include visiting 
scientist and visiting forei^m scientist t>rogram, a guidance 
service to provide weather kits of informative materials to 
students and teachers, career information, certification of 
. Consulting meteorologists, and a seal of approval program 
to re'cognir^e competence in radio and television 
' Wi^ii'therc^tsUng* Provides abstracting and translation 
: J. : sXr^ic-^Sj - math^ list of translations by 

: r'? fifi'lujtgevsiJj^^^ author, w rtb ^p/arteHy supplements, 
i ^ -^^MclnbeT^^^^^ nonprofession.il, and student 

" ''q' 'fhii^fsVi'ti'U WeAlh^rmen . 
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Pubtli'iUionK; /t« 0/ the AMS: MeU orohgicfit mu! 
(ivim(fo}ihy skill Abstrui'isi Joumil of the Atmospheric 
Snvuvi s; Wintheruw: Jourmi of AppHcd Skkoroh^^, 

AMKHICAN SOCIKTV KOH TESTING MATf-IRIAl^ 
(ASTMf. 19ltJ Kace Street, Philadelphia, Pa. 19103. 

UiMory: Organized June It), 1898, as the American 
Swtion of the International Association for testing 
Material: Incorporated under pre&cnl title March. 1902, 

Purpose: The promotion of knowledge of the materials of 
engineering and the standardizaiion of speciflcaliorts and 
methods of testing. 

Membersblpr Hngineers. scientists and skilled tech- 
nicians holding membership as individuals or as repre- 
sent at Ives of business firms, government agencies: educa- 
tional inslllulions, laboratories. 

I \\ blic a t i(?n s: Sta i e riaU Hi sea rch n nd Sta n an nk JounicI; 
Prncei dings: Yearbook: indejr to SUtndanis: Hook of 
Standards. 

AMKKICAN SOCltrrV OK MKCHANICAL KNGINKKBS 
lASMKhaiSKasl nth Street, New York. N*Y. 10017, 
History: Founded 1880. 

I'urpose^ Conducts research; develops boiler and 
pressure vessel, and power test codes; serves as sponsor 
for the American Standards Association in developing 
safety codes ^tnd standards for equipment. 
Membership: Professional society of mechanical 
engineers. Membership also Includes student members In 
student sections. 

Publications: Mechankal h^gineering: Transactions 
(Journals of Power* Industry, Heat Transfert Baste 
Kngineering, Applied Mechanics); Apptkd Mechanks 
Rvvieies: A/ccAanico/ Catalog. 

INCINKHATOU INSTITUTK OF AMIORICA, 60 East 42nd 
Street. Suite 1914. New York. N,Y. 10017. 
History: Founded 1951. 

I'urpose: Publishes standards which define incinerator 
terminology, analyze waste, classify incinerators, and state 
specifications of incinerators by classes. Tables show the 
broad classification of wastes to be Incineraled and the 
maximum burning rate of various types of wastes, 

Membership: Manufacturers of incinerators for 
municipal, industrial, commercial, and domestic use; 
associate members are others related to the incineratory 
industry. 

Poblica I ion s: /M /ft ri?;<'r«/<*r ,Vf(ni r/rm/s (May 1966). 

WATKH POld-UTION CONTROL FHDKKATION 
aVI*CKl, :39t)0 Wisconsin Avenue. Washington, D.a 

History: Founded 1928; formerly: U949} Federation of 
Sewage Works AssocL-ilions; 11959) Federation of Sewage 
anti Industrial Wastes Associations. 

Purpose: To advance the fundamental and practical 
kno\sledge concerning the nature, collection, treatment. 
:ind disposal of domestic and industrial wastewaters, and 
the design, construction, ^operation and mar^ement of 
facilities for these purposes. 

Membership; Members include municipal engineers/ 
consullfng engineers, public health engineers, water 
pollution control works superintendents, chemists, 
ofieralors, educ.itional and research personnel, industrial 
wastewater tnglncers. municipal officials, and equipment 
manufacturers Interested in water f>ol]uilon control. 

Publt^altons: J^umnt of WPCh illighl{ghHr bii^fi6^:' 
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SAMIM.K INSTRUCTION Ah MATKHIAI^ 

The items Included In this section are Intended to serve 
as KuWes In the devrlopmont of instructionAl tmterJal. The 
formal cNisswork Is usually organized around textml 
mAlerlal to faciliiato the coordination of outside study. The 
laborMory >fcork, by contrast, Is almost entirely custom 
designed, This Is necessary for at least two very practical 
reasonst 

1. liitlle commercially published mMerlal exists for 
this type of insiruclJon. 

2. Lahorator^v work must be or^anl/od to make 
maximum use of available materials and faciiitles. 

U should be emphasized lhat material of this nature 
requires careful preparation, 

TYHCAI. MATKRIAU POH A UNIT OF INSTKUCTION 
One of the primary advantages of the full time day 
program Is in the coordination of classroom discussions and 
demonstrations of theory and practice with laboratory 
activities. In order to illustrate this coordination, a 
representative unit of Instruction was selected from the 
course entitled Air Pollution Instrumentaliom ll Includes; 
Instructional liuide 
Specific Heading AssiKnments 
Laboratory Unit Related to Instruction 
SuKKCslcd Standards for Lnboralory Reports 

INSTHUCTlONAIiGUIDK 
Air Pollution Instrumenlallon 
Topic; Division IV' 4 calibration of flow meters 
i-ecture Time: Two 60 minute periods 
liaboratory Timet i'wo 3 hour periods 
Outside Xtudy: Pour hours imlnimum) 

i.ecturf I: Basic calibration considerations 

Hoferencoi \\^\^vc\^h\t^r. Mark's Stiinftarxi Handbook 
for Meckankat Kngmars, and 
to y6*22. 

L Characteristics of fluid 

2. Desired accuracy of flovv n^easurement 

•I Calibration standards 

1. Time available for calibration 

5. l.ocation of i\ow measuring device (illustrations) 

f>. Tk^mperalure and pressure readings 

7. SumniarSze 

ASsTgNMKNT FOH NKXT l.KCTURK PKRIOR 
HvadiTKj AssignnH'ht: I'erry. Chemif^at Kngiuver's 
Ilnndhook, Section 5 and Cusick, f'/ou^ Afeter 
Knf/int'€nr}g I {ami book, pp. M4. 
Ptrtbkm Asstgumeni: (I) Assi^?n a problem ilJustra- 
tin>? the use of weight time measurements for de- 
termining the How rate of a liquid through a pipe, 
l2j Assign a problem illustrating the equal-area 
method of determining the average velocity of a 
fluid in a duct with a pilot tube, 

-^Lecture '2: (^atculallon of discharge coefficients and 
correction factors 

1 . Derivation of a universal formula for fluid 

measurerrtent 
2c Ideal rtpW^^^^^ for standard rate meters 

H: f.ipHiidiM hiethods of determining discharge 

"ircrtptifc illustrations 
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ASSKiNMKNT FOR NKXT liKCTUHK PKRlOn 
Reading Assignment! Baumelster* Market Standard 
itQ7uib0Qk for Mechanical Ktiffineers, ppA'l^XoJ^^^^. 

Problem Asuigtmint; Assign problems illualratinif 
the use of the psychromelrlc charts. 

LABORATORY UNIT 

l*ur|K)sei Compare accuracy and calibration 

techniques of several common rate meters. 

K<)uipment: Fan test apparatus equipped v^th ii pitct 
lube, traverse device, venluri meter, 
orifice plate, and elbow section. 

De.^Tlpllon: Adjusting the (low rate through the fan 
test apparatus, make a pltot tube traverse 
and record the velocity head for each flow 
measuring device at several different flow 
rate*. Measure the wet- and dry-bulb 
temperature of the gases passing through 
the meters. The veJocity o( air at the j^tol 
tube traverse points may be calculated 
with the equations: 
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Velocity of gas at poind feet per second 
Fp'Calibration factor for pitot tube 
Ps'Slatlc pressure of the gas. Inches of 
mercury 

O'SpecKic gravity of the gases, referred to 
air 

H'Velocity headi Inches of water 
T'Gas temperature, degrees Rankine 

The average velocity of the gases for n j^umber of readings 
may bo caluclated: 

V avg..S Vj 



If all the variables (with the exception of H) are constant for 
a traverse, the average velocity may be calculated with the 
rqualiom 



V avg, -2 



Where 11^^ ithe average of the square root of the velocity 
head! is defined aj;: 



n 

The flow rate may be calculated using the average 
velocity and the cross sectional area at the traverse points; 

Q-lV avg.) iA) 
Where Q-Flow rate, cfs 

A'Cross sectional area, ft/^ 

The di<>charge coefficient for the other flow measuring 
devices may be calculated using the equation: 



A2 / 2 I P) - PjT 
/ p|U{d^/dI)41 
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WhiTo Ai.Mrc.'i of orifice openinx 

*^*^^ups<rram and dowrtstream 
prc.5surr». mpooUvi'lv 
r gas rfcnslty 

rf2/tll -ratio of orifice dl^clcr to pipe 
diameter 

<^acluaJ flow nucv ihrouxh mtters 
as determined by the pitot iraverso 

<> -jaj. 

Vi^Kh Ian . 1/2 

h=wcif head 
ssan^lr of tht> notch 

tiARORATORV KKI'ORT 

Much of ih«. cffpciivfncss of formal (raininK rests uuon 
ho standards required in reporlinK. Kmployc« s^re 

ypij jobs .so often ..signed to ,he icchnician Perh ps 

:=ri;r.r!rte^/s^^ 
£«,nir;p?ut.Sr=iX:: 

of un. ormuy. The guide used should direct at ention tJT^^ 

icS;;rtt:^'"' - - -isri': ;j: 

n J^fTv'''''^''^ "1*" "^^'f constitutes an Important 

pan of the instruction, Unless this is done carefully anS 



